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IMAGE DISPLAY 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particuiar, the EPO does not guarantee that they are complete, up-to-date or fit 
for specific purposes. 

Description of corresponding document: £P 1186933 (A1) 
TECHNICAL FIELD 

[0001] The present invention relates to image display apparatus and, more particularly, to a head- or face- 
mounted image display apparatus that can be retained on the observer's head or face. 

BACKGROUND ART 

[0002] Image display apparatus designed to observe an image of a single image display device with two 
eyes have heretofore been known In Japanese Patent Application Unexamined Publication Number 
[hereinafter referred to as "JP(A)"} 5-176260. 9-6174B, 9-1B199B and 9-1B1999. 

[0003] An Illuminating method for an image display apparatus designed to observe an image of a single 
image display device with two eyes has been known, for example, in JP(A) 7-31 8B51 . 

[0004] Among them, the image display apparatus of JP(A) 5-176260 splits and folds light rays by a prism in 
the shape of an isosceles triangular prism and a mirror. Therefore , various aberrations are corrected by a 
tens placed in front of the pupil. This makes it difficult to correct aberrations, and at the same time, causes 
the apparatus to become large in size. In JP{A) 9-61748, display light from an LCD (liquid crystal display 
device) is split by using a half-mirror so as to be observed with two eyes. Because the display light is 
distributed to the left and right eyeballs, the image for observation becomes weak and dark. In JP(A) 9- 
1B1998 and 9-1 B1 999, because prisms are integrated, the prism structure is very large in size and requires 
a great deal of time and cost when it is produced by injection molding In addition, correction of decentration 
aberrations is insufficient 

10GQSJ Regarding an Ruminating method far use in a case where a display image from a single display 
device is observed with two eyes, when an arrangement such as that disclosed in JP(A) 7-318851 is 
adopted, because images led to the left and right eyes are in reversed relation to each other, the display 
image needs to be electrically switched for the left and right by the display device of other device. 

DISCLOSURE OF THE INVENTION 

[0006] The present invention was made in view of the above-described problems with the prior art, and an 
object of the present invention is to provide an image display apparatus, e,g, a head-mounted image display 
apparatus* in which an image from a single smage display device is led to two eyes without using a half- 
mirror, thereby allowing observation of a bright image, and in which a power is given to an optical path 
distributing means placed at the middle between the two eyes to facilitate {he correction of various 
aberrations. In addition, an object of the present invention is to provide an illuminating method which is the 
most suitable for observation of a single panet (single Image display device) with two eyes, and which can 
be used without the need to switch the display image for the left and fight. 

[0007] An image display apparatus according to the present invention provided to attain the above- 
described object has an image display device for displaying an image to be observed by an observer* an 
optical path distributing mirror for distributing the image to an optical path for a right eye and an optical path 
for a left eye, an ocular prism for the right eye that is placed on the right-hand side of the optical path 
distributing mirror, and an ocular pnsm for the left eye that is placed on the left-hand side of the optical path 
distributing mirror. 

[0006] The optical path distributing mirror has a mirror surface placed to face the image display device to 
reflect a display light beam emanating from the image display device so as to distribute the display light 
beam to the ocular prism for the right eye and the prism for the left eye. The mirror surface has a rotationally 
asymmetric curved surface configuration that corrects decentration aberralions. 

[0009] The ocular prism for the right eye has a first surface through which the light beam of the optical path 
for the right eye reflected by the optical path distributing mirror enters the prism, a second surface which 
reflects the light beam of the optical path for the right eye within the prism, and a third surface through which 
the light beam of the optical path for the right eye exits from the prism. 

[0010] The ocular prism for the left eye has a first surface through which the light beam of the optical path 
for the left eye reflected by the optical path distributing mirror enters the prism, a second surface which 
reflects the light beam of the optical path for the left eye within the prism, and a third surface through which 
the light beam of the optical palh for the left eye exits from the prism. 

[001 1) At least the second surface of the ocular prism for the right eye, which is a reflecting surface, and the 
second surface of the ocular prism for the left eye, which is a reflecting surface, have a rotationaliy 
asymmetric curved surface configuration that corrects decentration aberrations. 

[0012] Another image display apparatus according to the present invention has an image display device for 
displaying an image to be observed by an observer, an optical path distributing prism for distributing the 
image to an optical path for a right eye and an optical path for a left eye, an ocular prism for the right eye 
that is placed on the right-hand side of the optical path distributing prism, and an ocular prism for the left 
eye that is placed on the left-hand side of the optical path distributing prism. 

[001 3] The optical path distributing prism has at least a first surface placed to face the image display device 
so that a display light beam emanating from the image display device enters the prism through the first 
surface, a second-first surface which reflects the optical path for the right eye entering through the first 
surface, a second-second surface which reflects the optical path for the left eye entering through the first 
surface, a third-first surface through which the light beam of the optical path for the right eye exits from the 
prism, and a third-second surface through which the light beam of the optical path for the left eye exits from 
the prism. 

[0014] To form a relay image for the right eye from the image displayed by the image display device in the 
optical path for the right eye and to form a relay image for the left eye from the image displayed by the 
image display device in the optica! path for the left eye. the optical path distributing prism is Bn^nged so that 
at least the second-first surface and the second-second surface have a curved surface configuration that 
gives a power to the light beam, and the second-first surface and the second-second surface have the 
same surface configuration. 
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[00 15] The ocular prism far the right eye has a first surface through which the light beam of the optical path 
for the right eye exiting from the third-first surface of the optical path distributing prism enters the prism, a 
second surface which reflects the light beam of the optical path for the right eye within the prism, and a third 
surface through which the light beam of the optical path for the right eye exits from the prism, 

[0016] The ocutar prism for the left eye has a first surface through which the light beam of the optical path 
for the left eye exiting from the third-second surface of the optical path distributing prism enters the prism, a 
second surface which reflects the light beam of the optical path far the left eye within the prism, and a third 
surface through which the light beam of the optical path for the left eye exits from the prism. 

[0017] At least the second surface of the ocular prism for the right eye, which is a reflecting surface, and the 
second surface of the ocular prism for the left eye, which is a reflecting surface, have a rotaUonalty 
asymmetric curved surface configuration that corrects decentraiion aberrations, 

(0018] With the above-described arrangement, the present invention can provide an image display 
apparatus, e.g. a head-mounted image dispJay apparatus, in which an image from a single image display 
device is led to two eyes without using a half-mirror, thereby allowing observation of a bright Image, and the 
correction of various aberrations is facilitated by placing an optical path distributing mirror or an optical path 
distributing prism at the middle between the two eyes Further, it is possible to obtain an illuminating 
arrangement which is the mast suitable for observation of a single panel with two eyes, and which can be 
used in the above-described arrangement without the need to switch the display image for the teft and right 



[Q01 9| Still other objects and advantages of the invention will in part be obvious and will in part be apparent 
from the specification. 

[0020] The invention accordingly comprises the features of construction, combinations of elements, and 
arrangement of parts which will be exemplified in the construction hereinafter set forth, and the scope of the 
invention will be indicated in the claims 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a ray path diagram of an image display apparatus according to Example 1 of the present invention. 
Fig. 2 is a ray path diagram of an image display apparatus according to Example 2 of the present invention. 
Fig. 3 is a ray path diagram of an image display apparatus according to Example 3 of the present invention. 
Fig. 4 is a ray path diagram of an image display apparatus according to Example 4 of the present invention. 
Fig. 5 is a ray path diagram of an image display apparatus according to Example S of the present invention. 
Fig. 6 is a ray path diagram of an image display apparatus according to Example 6 of the present invention. 
Fig. 7 is a ray path diagram of an image display apparatus according to Example 7 of the present invention. 
Fig. 8 is a ray path diagram of an image display apparatus according to Example 8 of the present invention. 
Fig. 9 is a ray path diagram of an image display apparatus according to Example 9 of the present invention. 
Fig. 10 is a ray path diagram of an image display apparatus according to Example 10 of the present 
invention. Fig. 1 1 is a ray path diagram of an image display apparatus according to Example 1 1 of the 
present invention. Fig. 12 is a fay path diagram of an image display apparatus according to Example 12 of 
the present invention. Fig. 13 is a ray path diagram of an image display apparatus according to Example 13 
of the present invention, Fig. 1-4 is a ray path diagram of an image display apparatus according to Example 
14 of the present invention. Fig. 15 is a ray path diagram of an image dispiay apparatus according to 
Example 15 of the present invention Fig. 16 is a diagram for describing an image display apparatus 
according to Example 16 of the present invention. Fig. 17 is a horizontal sectional view showing optical 
systems for two eyes of an image display apparatus according to Example 17 of the present invention. Fig, 
18 is a horizontal sectional view showing optical systems for two eyes of an image display apparatus 
according to Example 18 of the present invention. Fig. 19 is a horizontal sectional view showing optical 
systems for two eyes of an image display apparatus according to Example 19 of the present invention Fig. 
20 is a horizontal sectional view showing optical systems for two eyes of an image display apparatus 
according to Example 20 of the present invention. Fig. 21 is a horizontal sectional view showing optical 
systems for two eyes of an image display apparatus according to Example 21 of the present invention. Fig. 
22 is a horizontal sectional view showing optical systems for two eyes of an image display apparatus 
according to Example 22 OF the present invention. Fig. 23 is a horizontal sectional view showing optical 
systems far two eyes of an image display apparatus according to Example 23 of the present invention. Fig, 
24 is a horizontal sectional view showing optical systems for two eyes of an image display apparatus 
according to Example 24 of the present invention. Frg. 25 is a horizontal sectional view showing optical 
systems for two eyes of an image display apparatus according to Example 25 of the present invention Fig. 
26 is a horizontal sectional view showing optical systems for two eyes of an image display apparatus 
according to Example 28 of the present invention. Fig. 27 is a horizontal sectional view showing optical 
systems for two eyes of an image display apparatus according to Example 27 of the present invention. Fig. 
2B is a horizontal sectional view showing optical systems for two eyes of an image display apparatus 
according to Example 28 of the present invention. Fig. 29 is a ray path diagram of image display apparatus 
according to Examples 29 and 30 of the present invention. Fig. 30 is a diagram for describing the definition 
of parameters alpha and beta . Fig. 31 is a diagram for describing the definition of parameters L and D. Fig. 
32 is a horizontal sectional view of an optical system for a right eye according to Example 29. Fig. 33 is a 
horizontal sectional view of an optical system for a right eye according to Example 30. Fig. 34 is an 
aberrational diagram showing lateral aberrations in the optical system of Example 16. Fig. 35 is an 
aberrational diagram showing lateral aberrations in the optica! system of Example 20. Fig. 36 Is an 
aberrational diagram showing lateral aberrations in the optical system of Example 22. Fig. 37 is an 
aberrational diagram showing lateral aberrations in the optical system of Example 29. Fig. 38 is an 
aberrational diagram showing lateral aberrations in the optical system of Example 30. Fig. 39 is a diagram 
for describing an arrangement of the image display apparatus according to the present invention when 
arranged to allow see-through observation. Fig. 40 is a perspective view illustrating the structure of an 
organic EL image display device. Fig. 41 is a view showing the way in which the image display apparatus 
according to the present invention is fitted on an observer's head. 

BEST MODE OF CARRYING OUT THE INVENTION 

[0022] The image display apparatus according to the present invention will be described below by way of 
examples Figs. 1 to 15 are ray path diagrams respectively showing image display apparatus according to 
Examples 1 to 16 of the present invention. 

[0023] In Example 1 shown in Fig. 1 , a right eye of an observer is denoted by £R, and a left eye of the 
observer is denoted by EL. An image display device of an image display apparatus is denoted by reference 
numeral 3. An exit pupil for the right eye is denoted by 4R, and an exit pupil for the left eye is denoted by 
4L. A decentered prism member placed in front of the right eye as an optical system for the right eye is 
denoted by 2R h and a decentered prism member placed in front of the left eye as an optical system for the 
left aye is denoted by 2L. in addition, an optical path distributing mirror placed at the middle between the 
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two eyes is denoted by 1. The decentered prism members 2R and 21 are made Df a transparent medium 
having a refractive index larger than 1. In the following description, surfaces stated to be reflecting surfaces 
are mirror surfaces formed by providing mirror coatings on the relevant surfaces of the decentered prism 
members except totally reflecting surfaces. 

[0024] Example 1 is arranged as shown in Fig 1, which shows a horizontal section (YZ-section) thereof. 
The optical path distributing mirror 1 at the middle between the two eyes has a reflecting surface 1 R for a 
right optical path and a reflecting surface 1 L for a left optical path, which have symmetric configu rations with 
respect to a plane of symmetry between the two eyes (i.e. a plane passing through the center of a line 
segment connecting the respective centers of the exit pupil AH for the right eye and the exit pupil 4L for the 
left eye at right angles to the line segment). 

[0025] The decentered prism member 2R, which constitutes an optical system for the right eye, and the 
decentered prism member 2L, which constitutes an optical system for the left eye, have the same 
configuration and are placed in symmetry with respect to the plane of symmetry between the two eyes. The 
decentered prism member 2R and the decentered prism member 2L each have, in order in which rays pass, 
a first surface 21 R {21 L), a second surface 22R (22L), a third surface 23 R (231), and a fourth surface 24 R 
(24L). The second surface 22R (22L) and the fourth surface 24R {24L) are the identical surface. The 
identical surface serves as both a totally reflecting surface and a transmitting surface. 

[0D26) The image display device 3 is placed to face the optical path distributing mirror 1 on the observer 
side of the latter. The exit pupils 4R and Al are located approximately in the same plane, facing the fourth 
surfaces 24R and 24L of the decentered prism members 2R and 2L, respectively. The surfaces 21R to 24R, 
21 L to 24L, 1R and 1L of the decentered prism members 2R and 2L and the optical path distributing mirror 
1 are formed from free-form surfaces expressed by equation (a), which will be described later. Each of the 
free-form surfaces can be replaced with a spherical surface including s plane surface, an aspherical 
surface, an anamorphic surface, or an anamorphic aspherical surface. 

[0027] In the above-described arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical 
path for the right eye will be described representatively. Display light from a single image display device 3 
common to the two eyes Is, first, incident on the reflecting surface 1 R of the optica! path distributing mirror 1 
and reflected by the reflecting surface 1 R so as to enter the decentered prism member 2R. The incident 
light passes through the first surface 21 R to enter the prism and is incident on the second surface 22R at an 
incident angle not less than the critical angte, thereby being totally reflected by the second surface 22R. The 
reflected light is incident on the third surface 23R and back-refiected thereby so as to be incident on the 
fourth surface 24 R at an incident angle less than the critical angle. The incident light is refracted by the 
fourth surface 24R to exit from the decentered prism member 2R t Then, the light is led to the exit pupil 4R 
for the right eye to project an enlarged image of the image display device 3 into the observer's right eye. It 
should be noled that no intermediate image is formed in the optica! path from the image drspiay device 3 to 
the exit pupil 4R. The optical path for the left eye is in symmetric relation to the optica! path for the right eye 
with respect to the plane of symmetry between the two eyes as in the case of the arrangement of the optical 
system for the right eye, 

[0028] With the above-described arrangement, in both the left and right optical paths, display light from the 
image display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led to the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the Image display device 
3 is projected via reflecting and transmitting surfaces which are decentered or tilted with respect to the 
optical axis and at least one of which has a positive power, it is possible to project an image favorably 
corrected for various aberrations, e.g. curvature of field and chromatic aberration. In addition, because one 
surface of the optica! path distributing mirror 1 is used to distribute display light to the left and right optical 
paths, the production is easier than in the case of a prism having a multiplicity of surfaces, and the weight of 
the display apparatus can be reduced, advantageously. Furthermore, because the image display device 3 is 
located on the observer side, the whole display apparatus does not project forward to a considerable extent. 
In addition, it is possible to lead a display image from a single common image display device 3 to the two 
eyes as a bright image because the apparatus does not employ a half-mirror as is used in JP(A) 9-61745. In 
addition, by using free-form surfaces for the reflecting surfaces 1R and 1 L of the optical path distributing 
mirror 1, it becomes possible to correct decentration aberrations very favorably. 

(0029] Further, the decentered prism members 2R and 2L are placed at positions that are in plane 
symmetry with each other and have the same configuration. It is only necessary to prepare two decentered 
prism members 2R and 21 having the same configuration and tD place them at respective positions that are 
in plane symmetry with respect to the optical path distributing mirror 1 at the middle between the two eyes. 

[0030] Fig. 2 shows a horizontal section (YZ-section) of Example 2. Example 2 has a common negative lens 
5 inserted in the optical path from the image display device 3 to the reflecting surface 1R for the right optical 
path and the reflecting surface 1 L for the left optical path of the optical path distributing minor 1 in the 
arrangement of Example 1 > The arrangement of the rest of Example 2 and the optical paths therein are the 
same as in Example 1. No intermediate image ts formed as in the case of Example 1. A diffractive optical 
element or a lenticular lens may be used in place of or in addition to the negative lens 5. By inserting the 
negative tens 5 Dr the like between the image display device 3 and the optical path distributing mirror 1 + 
aberrations can be corrected even more favorably. The use of a dlffraclive optical element or a lenticular 
lens allows the left and right optical paths to be divided from each other even more easily. 

[0031] Fig, 3 shows a horizontal section (YZ-section) or Example 3. Example 3 uses an optical path 
distributing prism 10 formed from a decentered prism member with five surfaces in place of the optical path 
distributing mirror 1 placed at the middle between the two eyes in Examples 1 and 2. The decentered prism 
members 2L and 2R for the left and right eyes are the same as those in Examples 1 and 2, 

[0032] The optical path distributing prism 10 al the middle between the two eyes has a symmetric 
configuration with respect to the plane of symmetry between the two eyes. The optical path distributing 
prism 10 has five surfaces: a first surface 1 1 as a transmitting surface located on the observer side of the 
image display device 3; a second surface 12R as a reflecting surface for the right optical path and a second 
surface 12L as a reflecting surface for the left optical path, which are located at both sides of the first 
surface 1 1 on the observer side thereof; and a transmitting surface 13L for the left optical path and a 
transmitting surface 13R for the right optical path, which are located Dn the observer sides of the second 
surfaces 12R and 12L. The first surface 11 has a symmetric configuration with respect tD the plane of 
symmetry between the two eyes. The second surfaces 12R and 12L have configurations that are symmetric 
with respect to the plane of symmetry between the two eyes, The third surfaces 13L and 13R have 
configurations that are symmetric with respect to the plane of symmetry between the two eyes. The image 
display device 3 Is placed to face the first surface 1 1 of the optical path distributing prism 10 on the side of 
the optical path distributing prism 10 remote from the observer. 
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[0033] In the above-described arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes, Therefore, the optical 
path for the right aye will be described representatively, Display light from a single image display device 3 
common to the two ayes is, first, incident on the first surface 11 of the optical path distributing prism 10, The 
incident light is incident on the second surface 12R as a reflecting surface for the right optical path and 
reflected by the second surface 12R. The reflected light passes through the transmitting surface 13R for the 
right optical path and enters the decentered prism member 2R. The incident light passes through the first 
surface 21 R to enter the prism. The light is incident on the second surface 22R at an incident angle not less 
than the critical angle and thus totally reflected by the second surface 22R. Ths reflected light is incident on 
the third surface 23R and back-reflected thereby so as to be incident on the fourth surface 24R at an 
incident angle less than the critical angle. The incident light is refracted by the fourth surface 24R to exH 
from the decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project 
an enlarged image of the image display device 3 into the observer's right eye. in this case, an intermediate 
image is formed once in the optical path from the image display device 3 to the exit pupil 4R. The optical 
path for the left eye is in symmetric relation to the optical path for the right eye with respect to the plane of 
symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 

[0034] With the above -described arrangement, in bolh the left and right optical paths, display light from the 
image display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led tD the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes, Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are decentered or tilted with respect to the 
optical axis and at least one of which has a positive power, it is possible to project an image favorably 
corrected for various aberrations, e.g. curvature of field and chromatic aberration. In a case where no 
intermediate image is formed, it is difficult to ensure the required back focus, and a wide field angle cannot 
be obtained. In the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between them, 
decentraUon aberrations can be corrected favorably. Because the reflecting surfaces 12R and 12L of the 
optical palh distributing prism 10 do not use total reflection, it is possible to reduce the angte of incidence on 
the surfaces and to relax the requirement for the surface manufacturing accuracy. Furthermore, because 
the image display device 3 is located away from the observer, it does not interfere with the observers nose. 
In addition, it is passible to lead a display image from a single common image display device 3 to the two 
eyes as a bright image because the apparatus does not employ a half-mirror as is used in JP(A) 9-61748. In 
addition, by using free-form surfaces for the reflecting surfaces 12R and 12L of the optical path distributing 
prism 1 0, it becomes possible to correct decentration aberrations very favorably. 

[0035) Further, in both the left and right optical paths, the greater part of the optical path passes through the 
decentered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive 
index larger than 1 t and the optical path is folded therein. Therefore, the whole ocular opticas system can be 
made compact. Furthermore, the decentered prism members 2R and 2L are placed at positions that are in 
plane symmetry with each other and have the same configuration. It is only necessary to prepare two 
decentered prism members 2R and 2L having the same configuration and to place them at respective 
positions that are in plane symmetry with respect to the decentered prism member 10 at the middle 
between the two eyes. 

j0036] Fig. 4 shows a horizontal section (YZ-section) of Example 4. Example 4 uses an optical path 
distributing prism 10 formed from a decentered prism member with five surfaces in place of the optica! path 
distributing mirror 1 placed at the middle between the two eyes in Examples 1 and 2. The decentered prism 
members 2L and 2R for the left and right eyes are the same as those in Examples 1 and 2. A major 
difference from Example 3 is in the placement of the image display device 3. In Example 4, the image 
display device 3 ts disposed on the observer side of the optical path distributing prism 10. 

[0037] The optical path distributing prism 10 at the middle between the two eyes has a symmetric 
configuration with respect to the plane of symmetry between the two eyes. The optical path distributing 
prism 10 has five surfaces: a first surface 11 as a transmitting surface located on the side of the image 
display device 3 remote from the observer; a third surface 13R as a transmitting surface for the right optica! 
path and a third surface 13L as a transmitting surface for the left optical path, which are located at both 
sides of the first surface 1 1 on the side thereof remote from the observer; and a second surface 1 21 as a 
reflecting surface for the left optical path and a second surface 12R as a reflecting surface for the right 
optical path, which are located on respective sides of the third surfaces 1 3R and 13L remote from the 
observer. The first surface 1 1 has a symmetric configuration with respect to the plane of symmetry between 
the two eyes. The third surfaces 13R and 13L and the second surfaces 12L and 12R have configurations 
that are symmetric with respect to the plane of symmetry between the two eyes. The image display device 3 
is placed to face the first surface 11 of the optical path distributing prism 10 on the observer side of the 
optica! path distributing prism 10. 

[0038] In the abave-descnbed arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical 
path for the right eye will be described representatively. Display tight from a single image dispfay device 3 
common to the two eyes is, first, incident on the Ftrst surface 1 1 of the optical path distributing prism 10. The 
incident light is incident on the second surface 12R as a reflecting surface far the right optical path and 
reflected by the second surface 12R. The reflected light passes through the transmitting surface 1 3R for the 
right optical path and enters the decentered prism member 2R. The incident light passes through the first 
surface 21 R to enter the prism. The light is incident on the second surface 22R at an incident angle not less 
than the critical angle and thus totally reflected by the second surface 22R. The reflected light is incident on 
the third surface 23R and back-reflected thereby so as to be incident on the fourth surface 24R at an 
incident angle less than the critical angle, The incident light is refracted by the fourth surface 24F* to exit 
from the decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project 
an enlarged image of the image display device 3 into the observer's right eye. In this case, an intermediate 
image is formed once in the optical path from the image display device 3 to the exit pupil 4R, The optical 
path for the left eye is in symmetric refation to the optical path for the right eye with respect to the plane of 
symmetry between the two eyes as in the case of the arrangement of the optical system for the right eye. 

[0039] With the above-described arrangement, in both the left and right optical paths, display light from the 
image display device 3 is led to the eyeball after undergoing three reflections. Therefore, images led to the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are decenlered or tilted with respect to the 
optical axis and at least one of which has a positive power, il is possible to project an image favorably 
corrected for various aberrations, e.g. curvature of field and chromatic aberration, In a case where no 
intermediate image is formed, it is difficult to ensure the required back focus, and a wide field angle cannot 
be obtained, In the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
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and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between ihem, 
decentralion aberrations can be corrected favorably. Because the reflecting surfaces 12R and 12L of the 
optica* path distributing prism 10 da not use total reflection, it is possible to reduce the angle of incidence on 
the surfaces and to relax the requirement for the surface manufacturing accuracy. Furthermore, because 
the image display device 3 is located on the observer side, the whole display apparatus does not project 
forward to a considerable extent, in addition, it is possible to lead a display Image from a single common 
image display device 3 to the two eyes as a bright image because the apparatus does not employ a half- 
mirror as is used in JP{A) 9-61748. ^n addition, by using free-form surfaces for the reflecting surfaces 12R 
and 12L of the optical path distributing prism 10, it becomes possible to correct decentration aberrations 
very favorably. 

[0040} Further, in both the left and right optical paths, the greater part of the optical path passes through the 
decentered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive 
index larger than 1 t and the optical path is folded therein. Therefore, the whole ocular optical system can be 
made compact. Furthermore, the decentered prism members 2R and 2L are placed at positions that are in 
plane symmetry with each other and have the same configuration. It is only necessary to prepare two 
decentered prism members 2R and 2L having the same configuration and to ptece them at respective 
positions that are in plane symmetry with respect to the decentered prism member 10 at the middie 
between Ihe two eyes. 

[0041) Fig. 5 shows a horizontal section (Y2~section) of Example 5. Example 5 uses an optica! path 
distributing prism 10 formed from a decentered prism member with three surfaces in place of the optical 
path distributing prism 10 formed from a decentered prism member with five surfaces in Examples 3 and 4. 
The decentered prism members 2L and 2R for the left and right eyes are the same as those in Examples 1 
to 4. 

(0042) The optical path distributing prism 10 at the middle between the two eyes has a symmetric 
configuration with respect to the plane of symmetry between the two eyes. The optical path distributing 
prism 10 has three surfaces: a first surface 11 as a transmitting surface located on the observer stde of the 
image display device 3; a second surface 12R as a reflecting surface for the right optical path and a second 
surface 12L as a reflecting surface for the left optical path, which are focated at both sides of the first 
surface 1 1 on the observer side thereof and function as totally reflecting surfaces; a transmitting surface 
13L for the left optical path, which is the identical with the second surface 12R as a reflecting surface for the 
right optical path; and a transmitting surface 1 3R for the right optical path, which is the identical with the 
second surface 12L as a reflecting surface for the left optical path. The first surface 1 1 has a symmetric 
configuration with respect to the plane of symmetry between the two eyes. The second surfaces 12R (13L) 
and 12L (13R) have configurations that are symmetric with respect to the plane of symmetry between the 
two eyes, The image display device 3 is placed to face the first surface 11 of the optical path distributing 
prism 10 on the side of the optical path distributing prism 10 remote from the observer. 

[0043] In the above-described arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical 
path for the right eye will be described representatively. Display light from a single image display device 3 
common to the two eyes is, first, incident on the first surface 11 of the optical path distributing prism 10. The 
incident light is incident on the second surface 12R as a reflecting surface for the right optical path and 
totally reflected by the second surface 12R. The reflected light passes through the transmitting surface 13R 
(12L) for the right optical path and enters the decentered prism member 2R. The incident light passes 
through the first surface 21 R to enter the prism. The light is incident on the second surface 22R at an 
incident angle not less than the critical angle and thus totally reflected by the second surface 22R. The 
reflected light is incident on the third surface 23R and back-reflected thereby so as to be incident on the 
fourth surface 24R at an incident angle less than the critical angle. The incident light Is refracted by the 
fourth surface 24R to exit from the decentered prism member 2R. Then, the light Is led to the exit pupil 4R 
for the right eye to project an enlarged image of the Image display device 3 into the observer's right eye. In 
this case, an intermediate Image is formed once in the optical path from the image display device 3 to the 
exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with 
respect to the plane of symmetry between the two eyes as in the case of the arrangement of the optical 
system for the right eye. 

[0044] With the above-described arrangement, in both the left and right optical paths, display light from the 
image display device 3 Is Jed to the eyeball after undergoing three reflections. Therefore, images led to the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are decentered or tilted with respect to the 
optical axis and at least one of which has a positive power, it is passible to project an image favorably 
corrected for various aberrations, e.g. curvature of field and chromatic aberration. In a case where no 
intermediate image is formed, it Is difficult to ensure the required back focus, and a wide field angle cannot 
be obtained. In the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces of 
the optical path distributing prism 10 are also used as reflecting surfaces, the number of effective surfaces 
of the optical path distributing prism 10 is only three. Therefore, the production is very easy. Furthermore, 
because the image display device 3 is located away from the observer, it does not interfere with the 
observer's nose. In addition, it is possible tD lead a display image from a single common image display 
device 3 to the two eyes as a bright image because the apparatus does not employ a half-mirror as is used 
in JP{A) 9-61748. In addition, by using free-form surfaces for the reflecting surfaces 12R and 12L of the 
optical path distributing prism 10, it becomes possible to correct decentrstion aberrations very favorably. 

[0D45] Further, in both the left and right optical paths, the greater part of the optical path passes through the 
decentered prism members 10 and 2R (2U), which are filled with a transparent medium having a refractive 
index larger than 1, and the optical path is folded therein. Therefore, the whole ocular optical system can be 
made compact. Furthermore, the decentered prism members 2R and 2L are placed at positions that are in 
plane symmetry with each other and have the same configuration, it is only necessary to prepare two 
decentered prism members 2R and 2l_ having the same configuration and to place them at respective 
positions that are in plane symmetry with respect to the decentered prism member 10 at the middle 
between the two eyes. 

[0046] Fig. 6 shows a horizontal section (YZ-section) of Example 6. Example 6 uses an optical path 
distributing prism 10 formed from a decentered prism member with six surfaces in place of the optical path 
distributing prism 10 formed from a decentered prism member with five surfaces in Examples 3 and 4. The 
decentered prism members 21 and 2R for the left and right eyes are the same as those in Examples 1 to 5. 

[0047] The optical path distributing prism 10 at the middle between the two eyes has a symmetric 
configuration with respect to the plane of symmetry between the two eyes. The optical path distributing 
prism 10 has six surfaces: a first surface 11 as a transmitting surface located on the observer side of the 
image display device 3; a second surface 12R as a reflecting surface facing the first surface 11 and also 
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facing the observer; a third surface 13R as a reflecting surface for the right optical path and a third surface 
13L as a reflecting surface for the left optical path, which are located at both sides of the first surface 11 on 
the observer side thereof; and a fourth surface 14t as a transmitting surface for the left optical path and a 
fourth surface 14R as a transmitting surface for the right optica! path, which are located on both sides 
between the second surface 12 and Ihe third surfaces 13R and 13L The first surface 11 and the second 
surface 12 each have a symmetric configuration with respect to the plane of symmetry between the two 
eyes. The third surfaces 13R and 13L and the fourth surfaces t4L and 14R have configurations that are 
symmetric with respect to the plane of symmetry between the two eyes The image display device 3 is 
placed to face the first surface 1 1 of Ihe optical path distributing prism 10 on the side of Ihe optical path 
distributing prism 10 remote from the observer 

[0048] In the above-described arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical 
path for the right eye will be described representatively. Display light from a single image display device 3 
common to the two eyes is, first, incident on the first surface 1 1 of the optical path distributing prism 10, 
which is common to the left and right. The incident light is reflected by the second surface 12, which is 
common to the left and right. The reflected light is incident on the third surface 13R as a reflecting surface 
for the right optical path and reflected by the third surface 13R. The reflected light passes through the 
transmitting surface 14R for the right optical path and enters the deceniered prism member 2R. The incident 
lighl passes through the first surface 21 R to enter the prism. The light is incident on the second surface 22R 
at an incident angle not less than the critical angle and thus totally reflected by the second surface 22R. The 
reflected light is incident on the third surface 23R arid back- re flee ted thereby so as to be incident on the 
fourth surface 24 R at an incident angle less than the critical angle. The incident light is refracted by thB 
fourth surface 24 R to exit from the deceniered prism member 2R. Then, the light is led to the exit pupil 4R 
for the right eye to project an enlarged image of ihe image display device 3 into the observer's right eye. In 
this case, an intermediate image is formed once in the optical path from Ihe image display device 3 to the 
exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with 
respect to the plane of symmetry between the two eyes as in ihe case of the arrangement of the optica! 
system for the right eye. 

[0049] With the above-described arrangement, in both the left and right optical paths, display light from the 
image display device 3 is led to ihe eyeball after undergoing four reflections. Therefore, images led to the 
ieft and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are deceniered or tilted with respect to the 
optical axis and at least one Df which has a posslive power, it is passible to project an image favorably 
corrected for various aberralions, e.g. curvature of field and chromatic aberration. In a case where no 
intermediate image is formed, it is difficult to ensure the required back focus, and a wide field angle cannot 
be obtained. In the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorably ever* at a wide field angle. In addition, because the optical path 
distributing prism 10 is arranged to reflect light twice therein, it ts possible to correct decentration 
aberrations very favorably. Furthermore, because the image display device 3 is located away from ihe 
observer, it does not interfere with the observer's nose. In addition, it is possible to lead a display image 
from a single common image display device 3 to the two eyes as a bright image because the apparatus 
does not employ a half-mirror as is used in JP(A) 9-61748. In addition, by using free-form surfaces for the 
reflecting surfaces 12, 13R and 13L of the optical path distributing prism 10, it becomes possible to correct 
decentration aberrations very favorably, 

[0050] Further, in both the left and right optical paths, the greater part of the optical path passes through the 
decentered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive 
index larger than 1 , and the optical path is folded therein. Therefore, the whole ocular optica! system can be 
made compact. Furthermore, the deceniered prism members 2R and 2L are placed at positions that are in 
piane symmetry with each other and have the same configuration, it is only necessary to prepare two 
decentered prism members 2R and 2L having ihe same configuration and to place them at respective 
positions thai are in plane symmetry with respect to the decentered prism member 10 at the middle 
between the two eyes. 

[0051] Fig. 7 shows a horizontal section (YZ-section) of Example 7. In Example 7, a decentered prism 
member 2R constituting an optical system for the right eye and a decentered prism member 2L constituting 
an optical system for the left eye have the same configuration and are placed in symmetry with respect to 
the plane of symmetry between the two eyes. The decentered prism member 2R and the decentered prism 
member 2L each have, in order in which rays pass, a first surface 21 R (21 L), a second surface 22R (22L), a 
ihird surface 23R (23L), a fourth surface 24R (24 L), and a fifth surface 25R {25t). The third surface 23R 
(23L) and the fifth surface 25R (25L) are the identical surface. The identical surface serves as both a totally 
reflecting surface and a transmitting surface. 

[0052] The optical path distributing phsm 10 at the middle between the two eyes has a symmetric 
configuration with respect to the plane or symmetry between the two eyes as in the case of Example 4 (Fig. 
4}. The optical path distributing prism 10 has five surfaces: a first surface 11 as a transmitting surface 
located on the observer side of ihe image display device 3; a third surface 13R as a transmitting surface for 
the right optical path and a ihird surface 13L as a transmitting surface for the left oplical path, which are 
located at both sides of the first surface 11 on the observer side thereof; and a second surface 12t as a 
reflecting surface for the lefi optical path and a second surface 12R as a reflecting surface for the right 
oplical path, which are located on the observer sides of the third surfaces 13R and 13L, respectively. The 
first surface 11 has a symmetric configuralion with respect to the plane of symmetry between the two eyes. 
The third surfaces 13R and 131 and the second surfaces 121 and 12R have configurations that are 
symmetric with respect to the plane of symmelry between the two eyes, The image display device 3 is 
placed to face Ihe first surface 1 1 of the optical path distributing prism 10 on Ihe side of the optical path 
distributing prism 10 remote from ihe observer 

|0053] In the above-described arrangement, the left and right optical paths, which are shown by the dashed 
iines, are symmetric with respect to the plane of symmetry between ihe two eyes. Therefore, the optical 
path for ihe right eye will be described representatively. Display light from a single image display device 3 
common to the iwo eyes is, first, incident on the first surface 1 1 of Ihe optical path distributing prism 10, The 
incident light is incident on the second surface 12R as a reflecting surface for the right optical path and 
reflected by the second surface 12R, The reflected light passes through the transmitting surface 13R for the 
right optica! path and enters Ihe decentered prism member 2R. The incident light passes through the first 
surface 21 R to enter the prism. The light is reflected by the second surface 22R, and the reflected light is 
incident on the third surface 23R at an incident angle not less than the critical angle and thus totally 
reflected by the third surface 23R. The reflected light is incident on the fourth surface 24R and back- 
reflected thereby so as to be incident on the fifth surface 25R at an incident angle less than the critical 
angle. The incident light is refracted by the fifth surface 25R to exit from ihe decentered prism member 2R. 
Then, the light is led to the exit pupil 4R for Ihe right eye to project an enlarged image of the image display 
device 3 into the observer's right eye. In this case, an intermediate image is formed once in the optical path 
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from the image display device 3 to the exit pupil AR. The optical path for the left eye Is in symmetric relation 
to the optical path for the right eye with respect to the plane Df symmetry between the two eyes as in the 
case of the arrangement of the optical system for the right eye. 

[DDS4] Wilh the above-described arrangement, in both the left and right optical paths, dispiay light from the 
image display device 3 is led to the eyeball after undergoing four reflections. Therefore, images led to the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are decentered or tilted with respect to the 
optical axis and at least one of which has a positive power, it is possible to project an Image favorably 
corrected for various aberrations, e.g. curvature of field and chromatic aberration In a case where no 
intermediate image is formed, it is difficult to ensure the required back focus, and a wide field angte cannot 
be obtained. In the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorably even at a wide field angle. In addition, because the exit surfaces 
and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between them, 
decenlration aberrations can be corrected favorabiy. Because the reflecting surfaces 12R and 12L of the 
oplica! path distributing prism 10 do not use total reflection, it is possible to reduce the angle of incidence on 
the surfaces and to relax the requirement for the surface manufacturing accuracy. Furthermore, because 
the image display device 3 is located away from the observer, it does not interfere with the observer's nose, 
in addition, it is possible to lead a display image from a single common image display device 3 to the two 
eyes as a bright image because the apparatus does not employ a half-mirror as is used in JP{A) 9-61748. in 
addition, by using free^form surfaces for the reflecting surfaces 12R and 12L of the optical path distributing 
prism 10, it becomes possible to correct decentration aberrations very favorably. 

[0055) Further, in both the left and right optical paths, the greater part of the optica! path passes through the 
decentered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive 
index larger than 1 . and the optical path is folded therein. Therefore, the whole ocular optical system can be 
made compact. Furthermore, the decentered prism members 2R and 2L are placed at positions that are in 
plane symmetry with each other and have the same configuration. It is only necessary to prepare two 
decentered prism members 2R and 2L having the same configuration and to place them at respective 
positions that are in plane symmetry with respect to the decentered prism member 10 at the middle 
between the two eyes. 

10056] Fig. S shows a horizontal section (Y2>section) of Example 8. Example 8 uses an optical path 
distributing prism 10 formed from a decentered prism member with three surfaces as in the case of 
Example 5 (Fig. 5), in place of the optical path distributing prism 10 formed from a decentered prism 
member with five surfaces in Example 7. The decentered prism members 21 and 2R for the left and right 
eyes are the same as those in Example 7. 

[0057] The optical path distributing prism 10 at the middle between the two eyes has a symmetric 
configuration with respect to the plane of symmetry between the two eyes as in the case of Example 5 (Fig, 
5). The optical path distributing prism 10 has three surfaces: a first surface 11 as a transmitting surface 
located on the side of the image display device 3 remote from the observer; a second surface 12R as a 
reflecting surface for the right optical path and a second surface 121 as a reflecting surface for the left 
optical path, which are located at both sides of the first surface 1 1 on the observer side thereof and function 
as totally reflecting surfaces; a transmitting surface 1 3L for the left optical path, which is the identical with 
the second surface 12R as a reflecting surface for the right optical path; and a transmitting surface 13R for 
the right optical path, which is the identical with the second surface 12L as a reflecting surface for the left 
optical path. The first surface 11 has a symmetric configuration with respect to the plane of symmetry 
between the two eyes. The second surfaces 12R (13L) and 12L (13R) have configurations that are 
symmetric with respect to the plane of symmetry between the two eyes. The image display device 3 is 
placed to face the first surface 1 1 of the optical path distributing prism 10 on the observer side of the optical 
path distributing prism 10 

[0058] in the above-described arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical 
path for me right eye will be described representatively. Display light from a single image dispiay device 3 
common to the two eyes is, first, incident on the first surface 1 1 of the optical path distributing prism 10. The 
incident light Is incident on the second surface 12R as a reflecting surface for the right optical path and 
totally reflected by the second surface 12R. The reflected light passes through the transmitting surface 13R 
{12L} for the right optical path and enters the decentered prism member 2R. The incident light passes 
through the first surface 21 R to enter the prism. The light is reflected by the second surface 22 R, and the 
reflected light is incident on the third surface 23R at an incident angle not less than the critical angle and 
thus totally reflected by the third surface 23R. The reflected light is incident on the fourlh surface 2AR and 
back- re fleeted thereby so as to be incident on the fifth surface 25R at an incident angle less than the critical 
angle. The incident light is refracted by the fifth surface 2SR to exit from the decentered prism member 2R. 
Then, the tight is led to the exit pupil 4R for the right eye to project an enlarged image of the image display 
device 3 into the observer's right eye. In this case, an intermediate image is formed once in the optical path 
from the Image display device 3 to the exit pupil AR. The optical path for the left eye is in symmetric relation 
to the optical path for the right eye with respect to the plane of symmetry between the two eyes as in the 
case of the arrangement of the optical system for the right eye. 

[0069] With the above-described arrangement, in both the left and right optical paths, dispiay light from the 
image display device 3 is led to the eyeball after undergoing four reflections. Therefore, images led to the 
left and right eyes are not in mirror-image refation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image dispiay device 
3 is projected via reflecting and transmitting surfaces which are decentered or tilled with respect to the 
optica! axis and at least one of which has a positive power, it is possible to project an image favorably 
corrected for various aberrations, e,g. curvature of field and chromatic aberration. In a case where no 
Intermediate image is formed, it is difficult to ensure the required back focus, and a wide Held angle cannot 
be obtained, in the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorabiy even at a wide field angle. In addition, because the exit surfaces of 
the optical path distributing prism 10 are also used as reflecting surfaces, the number of effective surfaces 
of the optical path distributing prism 10 is only three. Therefore, the production is very easy. Furthermore, 
because the image display device 3 is located on the observer side, the whole display apparatus does not 
project forward to a considerable extent. In addition, it is possible to lead a display image from a single 
common image display device 3 to the two eyes as a bright image because the apparatus does not employ 
a hal^mirror as is used in JPfA) 9-61748. In addHion, by using free-form surfaces for the reflecting surfaces 
12R and 12L of the optical path distributing prism 10, it becomes possible to correct decentration 
aberrations very favorably. 

(0050) Further h in both the left and right optical paths, the greater part of the optical path passes through the 
decentered prism members 10 and 2R (2L>, which are filled with a transparent medium having a refractive 
index larger than 1 , and the optical path is folded therein, Therefore, the whole ocular optical system can be 
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made compact Furthermore, the decentered prism members 2R and 2L are placed at positions that are in 
plane symmetry with each other and have the same configuration, It is only necessary to prepare two 
decentered prism members 2R and 2L having the same configuration and to place them at respective 
positions that are in plane symmetry with respect to the decentered prism member 10 at the middle 
between the two eyes. 

[0061] Fig. 9 shows a horizontal section (YZ-section) of Example 9. Example 9 uses an optical path 
distributing prism 10 formed from a decentered prism member with six surfaces as in the case of Example 6 
(Fig. 6) in place of the optical path distributing prism 10 formed from a decentered prism member with five 
surfaces in Example 7. The decentered prism members 21 and 2R Tor the left and right eyes are the same 
as those in Example 7. 

[0062] The optical path distributing prism 10 at the middle between the two eyes has a symmetric 
configuration with respect to the plane of symmetry between the two eyes as in the case of Example 6 (Fig. 
6). The optical path distributing prism 10 has six surfaces: a first surface 11 as a transmitting surface 
located on the side of the image display device 3 remote from the observer; a second surface 12R as a 
reflecting surface facing the first surface 11 on the side of the first surface 1 1 remote from the observer; a 
third surface 13R as a reflecting surface for the right optical path and a third surface 13L as a reflecting 
surface for the left optical path, which are located at both sides of the first surface 1 1 on the side thereof 
remote from the observer; and a fourth surface 14L as a transmitting surface for the left optical path and a 
fourth surface 14R as a transmitting surface for the right optical path, which are located on both sides 
between the second surface 12 and the third surfaces 13R and 13L The first surface 1 1 and the second 
surface 12 each have a symmetric configuration with respect to the plane of symmetry between the two 
eyes. The third surfaces 13R and 13L and the fourth surfaces 14L and 14R have configurations that are 
symmetric with respect to the plane of symmetry between the two eyes. The image display device 3 is 
placed to face the first surface 1 1 of the optical path distributing prism 10 on the observer side of the optical 
path distributing prism 10. 

[0063] In the above- described arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical 
path for the right eye will be described representatively. Display light from a single image display device 3 
common to the two eyes is, first, incident on the first surface 1 1 of the optical path distributing prism 10, 
which is common to the left and right. The incident light is reflected by the second surface 12, which is 
common to the left and right The reflected light is incident on the third surface 13R as a reflecting surface 
for the right optical path and reflected by the third surface 1 3R. The reflected light passes through the 
transmitting surface 14R for the right optical path and enters the decentered prism member 2R. The incident 
light passes through the first surface 21 R to enter the prism. The light is reflected by the second surface 
22R, and the reflected light is incident on the third surface 23R at an incident angle not less than the critical 
angle and thus totally reflected by the third surface 23R. The reflected light is incident on the fourth surface 
24 R and back-reflected thereby so as to be incident on the fifth surface 25 R at an incident angle less than 
the critical angle. The incident light is refracted by the fifth surface 25R to exit Tram the decentered prism 
member 2R. Then, the light is led to the exit pupil 4R for the right eye to project an enlarged image of the 
image display device 3 into the observer's right eye. In this case, an intermediate image is formed once in 
the optical path from the image display device 3 to the exit pupil 4R. The optical path for the left eye is in 
symmetric relation to the optical path for the right eye with respect to the plane of symmetry between the 
two eyes as in the case of the arrangement of the optical system for the right eye, 

[0064] With the above-described arrangement, In both the left and right optical paths, display light from the 
image display device 3 is led to the eyeball after undergoing five reflections. Therefore, images led to the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are decentered or tiited with respect to the 
optical axis and at least one of which has a positive power, it is possible to project an image favorably 
corrected for various aberrations, e.g. curvature of field and chromatic aberration, in a case where no 
intermediate image is formed, it is difficult to ensure the required back focus, and a wide field angle cannot 
be obtained. In the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorably even at a wide field angle. In addition, because the optical path 
distributing prism 10 is arranged to reflect light twice therein, it is possible to correct decentration 
aberrations very favorably. Furthermore, because the image display device 3 is located on the observer 
side, the whole display apparatus does not project forward to a considerable extent. In addition, it is 
passible to lead a display image from a single common image display device 3 to the two eyes as a bright 
image because the apparatus does not employ a half-mirror as is used in JP{A) 9-61748. in addition, by 
using free-form surfaces for the reflecting surfaces 12, 13R and 13L of the optical path distributing prism 10 
it becomes possible to correct decentration aberrations very favorably, 

[0055] Further, in both the left and right optical paths, the greater part of the optical path passes through the 
decentered prism members 10 and 2R (2L), which are filled with a transparent medium having a refractive 
index larger than 1. and the optical path is folded therein. Therefore, the whole ocular optical system can be 
made compact Furthermore, the decentered prism members 2R and 2L are placed at positions that are in 
plane symmetry with each other and have the same configuration, it is only necessary to prepare two 
decentered prism members 2R and 2L having the same configuration and to piace them at respective 
positions that are in plane symmetry with respect to the decentered prism member 10 at the middle 
between the two eyes. 

[D066] Fig. 10 shows a horizontal section (YZ«section) of Example 10. In Example 10, a decentered prism 
member 2R for the right eye and a decentered prism member 21 for the left eye, which are formed from 
respective decentered prism members of the same configuration having three surfaces, are placed in 
symmetry with respect to the ptane of symmetry between the two eyes, in place of the decentered prism 
member 2R for the right eye and the decentered prism member 21 for the left eye, which are formed from 
respective decentered prism members each having four surfaces in Example 8 (Fig. 8). The optical path 
distributing prism 10 is the same as in Example 8. Light entering the decentered prism member 2R through 
a first surface 21 R thereof is reflected by a second surface 22R. The reflected light is refracted by a third 
surface 23R to exit from the decentered prism member 2R. Then, the light is ted to the exit pupil 4R for the 
right eye to project an enlarged image of the image display device 3 into the observer's right eye. in this 
case, an intermediate image is formed once in the optical path from the image display device 3 to the exit 
pupil 4R, The optical path for the left eye is in symmetric relation to the optical path for the right eye with 
respect to the plane of symmetry between the two eyes as in the case of the arrangement of the optical 
system for the right eye, The rest of Example 10 is the same as that in Example S. 

[0Q67] Fig. 1 1 shows a horizontal section {YZ-section) of Example 11. In Example 1 1, a decentered prism 
member 2R for the right eye and a decentered prism member 2L for the left aye. which are formed from 
respective decentered prism members of the same configuration having three surfaces, are placed in 
symmetry with respect to the plane of symmetry between the two eyes, in place of the decentered prism 
member 2R for the right eye and the decentered prism member 2L for the left eye, which are formed from 
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respective decentered prism members each having four surfaces in Example 7 (Fig, 7), The optical path 
distributing prism 10 is the same as in Example 7. Light entering the decentered prism member 2R through 
a first surface 21 R thereof is reflected by a second surface 22R. The reflected light is refracted by a third 
surface 23R to exit from the decentered prism member 2R. Then, the fight is led to the exit pupil 4R for the 
right eye to project an enlarged image of the image display device 3 into the observer's right eye. In this 
case, an intermediate image is formed once to the optical path from the Image display device 3 tD the exit 
pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with 
respect to the plane of symmetry between Ihe two eyes as in the case of the arrangement of the optical 
system for ihe right eye. The rest of Example 1 1 is the same as that in Example 7. 

[0068] Fig. 12 shows a horizontal section (YZ-section) c-f Example 12. Example 12 uses an optical path 
distributing prism 10 formed from a decentered prism member having seven surfaces. A decentered prism 
member 2R constituting an optical system for the right eye and a decenlered prism member 2L constituting 
an optical system for ihe left eye have the same configuration and are placed in symmetry with respect to 
the plane of symmetry between the two eyes. The decentered prism member 2R and the decentered prism 
member 21 each have, in order in which rays pass, a first surface 21 R (21 L), a second surface 22& (22L), a 
third surface 23R (23t), and a fourth surface 24 R {24L). 

[0069] The optical path distributing prism 10 at ihe middle between the two eyes has a symmetric 
configuration with respect !o the plane of symmetry between the two eyes. The optical path distributing 
prism 10 has seven surfaces: a first surface 1 1 as a transmitting surface located on the side remote from 
ihe observer; a third surface 1 3R as a reflecting surface for the right oplical path and a third surface 1 3l_ as 
a reflecting surface for the left optical path, which are located at both sides of the first surface 1 1 on the side 
remote Irom the observer; a fourth surface 14L as a transmitting surface for the left optica! path and a fourth 
surface 14R as a transmitting surface for the right optical path, which are located on the observer sides of 
the third surfaces 1 3R and 1 3L, respectively; and a second surface 12L as a reflecting surface for the left 
optical path and a second surface 12R as a reflecting surface for the right optical path, which are located an 
the observer sides of the fourth surfaces 14R and 14L The first surface 11 has a symmetric configuration 
with respect to the plane of symmetry between the two eyes. The third surfaces 13R and 13L, the fourth 
surfaces 14L and 14R and ihe second surfaces 12L and 12R have configurations that are symmetric with 
respect to the plane of symmetry between the two eyes. The image display device 3 is placed to face the 
first surface 1 1 of the optical palh distributing prism 10 on the side of the optical path distributing prism 10 
remote from Ihe observer. 

[0070] In the above-described arrangement, the left and right optical paths, which are shown by the dashed 
lines, are symmetric with respect to the plane of symmetry between the two eyes. Therefore, the optical 
path for Ihe right eye will be described representatively. Display light from a single image display device 3 
common to ihe two eyes is, first, incident on the first surface 1 1 of the optical path distributing prism 10. The 
incident light is incident on the second surface 12R as a reflecting surface for the right optical path and 
reflected by the second surface 12R, The reflected light is incident on the third surface 13R as the 
subsequent reflecting surface for the right optical path and reflected by the third surface 13R. The reRected 
light passes through the transmitting surface 14R for the right optical path and enters the decentered prism 
member 2R. The Incident light passes through the first surface 21 R tD enter the prism. The light is incident 
on the second surface 22R and back- reflected thereby. The reflected light is incident on the third surface 
23R and back- reflected thereby. The reflected light is refracted by the fourth surface 24 R to exit from the 
decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project an 
enlarged image of the image display device 3 into the observer's right eye. In this case, an Intermediate 
image is formed once in the optical palh from the image display device 3 to the exit pupil 4R. The optica! 
path for the left eye is in symmetric relation to the optical path for ihe right eye with respect to the plane of 
symmetry between Ihe two eyes as in the case of the arrangement of the optical system for the right eye, 

[0071] With the above-described arrangement, in both the !eft and right oplical paths, display light from the 
image display device 3 is led to the eyeball after undergoing four reflections. Therefore, images led to the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible io see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are decentered or tilted with respect to Ihe 
optical axis and at least one of which has a positive power, it is possible to project an image favorably 
corrected for various aberrations, e.g. curvature of field and chromatic aberration. In a case where no 
intermediate image Is formed, it is difficult to ensure the required back focus, and a wide field angle cannot 
be obtained. In the case of this example, however, because an intermediate image is formed once, it is 
possible to correct aberrations favorably ever* at a wide field angle. In addition, because the exit surfaces 
and reflecting surfaces of the optical path distributing prism 10 are not surfaces shared between them, 
decentration aberrations can be corrected favorably. Because the reflecting surfaces 12R, 12L, 13R and 
13L of ihe optica! path distributing prism 10 do not use total reflection, It is possible to reduce the angle of 
incidence on the surfaces and to relax the requirement for the surface manufacturing accuracy. 
Furthermore, because the image display device 3 is located away from the observer, it does not interfere 
with the observer's nose. In addition, it Is possible to iead a display image from a single common image 
display device 3 to the two eyes as a bright image because the apparatus does not employ a half-mirror as 
is used in JP{A) 9-61 746. in addition, by using free-form surfaces for the reflecting surfaces 12R, 12L, 13R 
and 13L of the optical path distributing prism 10, it becomes possible to correct decentration aberrations 
very favorably. 

(0072) Further, in both the left and right optica! paths, the greater part of the optical palh passes through the 
decentered prism members 10 and 2R (2L). which are filled with a transparent medium having a refractive 
index larger than 1, and the optical path is folded therein. Therefore, the whole ocular optical system can be 
made compact. Furthermore, the decentered prism members 2R and 2L are placed at positions that are in 
plane symmetry with each other and have the same configuration. It is only necessary to prepare two 
decentered prism members 2R and 2L having the same configuration and to place them at respective 
positions that are in piane symmetry with respect to the decentered prism member 10 at the middle 
between the two eyes, 

[0D73J In this example, none of the optical path distributing prism 10 and the decentered prism members 2R 
and 2L use a totally reflecting surface. When a totally rejecting surface is used, the incident angle of light 
rays needs to be increased greatly in order to satisfy the condition for total reflection. However, when a 
power is given io a surface having a large incident angle, decentration aberrations occur to a considerable 
extent. Therefore, DnJy a weak power can be given to such a surface, in this example, which does not use 
such a totally reflecting surface, however, powers can be distributed equally to various surfaces by utilising 
ordinary reflection. Thus, it is possible to correct decentration aberrations very favorably. In addition, 
because ihe optical path is arranged to cross itself within each of the decentered prisms 10 2R and 2L ( it is 
possible to increase the optical path length of the ocular prism. Therefore, an intermediate image can be 
formed at a position within the ocular prism Accordingly, il is possible to lengthen the overall distance from 
the intermediate image to the display device and to set a weak power ror the optical path distributing prism 
10. Consequently, it is possible to ensure favorable image-forming performance. 
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[007^1 Examples 13 to 15 are examples relating to an illuminating optical system for the image display 
device 3 Example 13 shown in Fig. 13 is an example in which a transmission type LCD (liquid crystal 
display device) is used as the image display device 3 in the arrangement of the left and right optical 
systems in Example 5 shown in Fig. 5. and illuminating light sources 6R and 6L for the right and left optical 
paths are placed at the back of the image display device 3 (on the side remote from the optical path 
distributing prism 10), and further a condensing Fresnet tens 7 is placed between the image display device 
3 and the light sources 6R and 6L 

[0075] In this example, illuminating light from the illuminating light source 6L for the left optical path is 
incident on the image display device 3 after being condensed by the Fresnel lens 7. Display light from the 
image display device 3 reaches the observer's left eye EL through the optical path far the left eye in Fig. 5 
and projects an enlarged image of the image display device 3, Illuminating light from the illuminating light 
source 6R for the right optical path is incident on the image display device 3 after being condensed by the 
Fresnel lens 7, Display light from the image display device 3 reaches the observer's left eye ER through the 
optical path for the right eye in Fig. S and projects an enlarged image of the image display device 3. 

(0076J in this case, the left and right optical systems share the illuminating optical system 7 for the left and 
right eyes, which is used for a single image display device (LCD) 3 common to the left and right, and the 
optical path distributing prism 10. Thus, it is possible to reduce the number of optical members and also 
possible to obtain a compact, lightweight and bright display apparatus. It should be noted that, in this 
example, a half-mirror is not used in the Illuminating optical system either, and it is therefore possible to 
display a very bright image. 

[0077J Example 14 shown in Fig. 14 is an example in which a reflection type LCD (liquid crystal display 
device} 3' is used as the image display device 3 in the arrangement of the left and right optical systems in 
Example 6 shown in Fig. 6. In addition, illuminating light sources 6R and 61 for the right and left optical 
paths are placed so as to be capable of illuminating the reflection type LCD 3' across the optical path 
distributing prism 10, and the second surface 12 of the optical path distributing prism 10 is formed as a half- 
mirror surface or a mirror surface partly provided with holes for passing tight, thereby illuminating the 
reflection type LCD 3' with illuminating light from the light sources 6R and 6L through the second surface 12 
and the first surface 11. 

|0078] In this example, ifluminating light from the illuminating light source GL for the left optical path passes 
through the half-mirror surface, which forms the second surface 12 of the optical path distributing prism 10, 
or through the holes of the mirror surface partly provided with holes for passing light, which farms the 
second surface 12 of the optical path distributing prism 10. Then, the illuminating light crosses the optical 
path distributing prism 10 and passes through the first surface 11 thereof so as to be incident on the display 
surface of the reflection type LCD 3'. Display light reflected from the display surface reaches the observer's 
left eye EL through the optical path for the left eye in Fig. 6 and projects an enlarged image of the image 
display device 3. Similarly, illuminating light from the illuminating light source 6R for the fight optical path 
passes through the half-mirror surface, which forms the second surface 12 of the optical path distributing 
prism 10 or through the holes of the mirror surface partly provided with holes for passing light which forms 
the second surface 12 of the optical path distributing prism 10. Then, the illuminating light crosses the 
optical path distributing prism 10 and passes through the first surface 1 1 thereof so as to be incident on the 
display surface of the reflection type LCD 3' Display light reflected from the display surface reaches the 
observer's right eye ER through the optical path for the right eye in Fig. 6 and projects an enlarged image of 
the image display device 3. 

[0079| In this case, the left and right optical systems share the illuminating optical system for the left and 
right eyes, which is used for a single reflection type LCD 3 + common to the left and right, and the optical 
path distributing prism 10, Thus, it is possible to reduce the number of optical members and also possible to 
obtain a compact, lightweight and bright display apparatus. It should be noted that, in this example, the 
optical path distributing prism {also used as an illuminating prism) 10 has six effective surfaces, and it is 
therefore possible to illuminate the reflection type LCD 3' uniformly and to correct decentration aberrations 
even more favorably. 

[0080] Example 15 shown in Fig. 15 is an example in which a reflection type LCD 3' is used as the image 
display device 3 in the arrangement of the left and right optical systems in Example 4 shown in Fig. A, In 
addition, illuminating light sources 6R and 6L for the left and right optical paths are placed so as to be 
capable of illuminating the reflection type LCD 3' across the optical path distributing prism 10, and the 
second surfaces 12L and 12R of the optical path distributing prism 10 for the left and right optical paths are 
formed as half-mirror surfaces or mirror surfaces partly provided with holes for passing light, thereby 
illuminating the reflection type LCD 3' with illuminating tight from the light sources 6R and 6L through the 
second surfaces 12L and 12R and the first surface 11. 

[0081] In this example, illuminating light from the illuminating tight source 6L for the left optical path passes 
through the half-mirror surface, which forms the second surface 12R of the optical path distributing prism 10 
for the optical path for the right eye, or through the holes of the mirror surface partly provided with holes for 
passing light, which forms the second surface 12R, Then, the illuminating light crosses the optical path 
distributing prism 10 and passes through the first surface 11 thereof so as to be incident on the display 
surface of the reflection type LCD 3'. Display light reflected from the display surface reaches the observers 
left eye EL through the optical path for the left eye in Fig. A and projects an enlarged image of the image 
display device 3. Similarly, illuminating light from the illuminating light source 6R for the right optical path 
passes through the half-mirror surface, which forms the second surface 12L of the optical path distributing 
prism 10 for the optical path for the left eye. or through the hales of the mirror surface partly provided with 
holes for passing light, which forms the second surface 12L. Then, the illuminating light crosses the optical 
path distributing prism 10 and passes through the first surface 11 thereof so as to he incident on the display 
surface of the reflection type LCD 3', Display light reflected from the display surface reaches the observer's 
right eye ER through the optical path for the right eye in Fig. A and projects an enlarged image of the image 
display device 3. 

f0082] In this case, the left and right optical systems share the illuminating optical system for the left and 
fight eyes, which is used for a single reflection type LCD 3' common to the left and right, and the optical 
path distributing prism 10. Thus, it is possible to reduce the number of optical members and also possible to 
obtain a compact, lightweight and bright display apparatus, it should be noted that, in this example, the left 
and right optical systems share the entrance and exit surfaces of the illuminating optical system while 
sharing the optical path distributing prism 10 and the illuminating optical system, thereby allowing the optical 
path distributing prism 10 to be reduced in both size and weight. 

[0083] It should be noted that a transmission or reflection type image display device 3 can be illuminated not 
only in the examples shown in Figs, A to 6 but also in the other examples described above by using 
illuminating light sources 5R and 6L for the right and left optical paths, placing a condensing Fresnel lens 7, 
or forming a reflecting surface as a half-mirror surface or a mirror surface partly provided with holes for 
passing light, as shown in Figs. 13 to 15. 
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[0084] Incidentally, it is desirable to use surfaces with a rotationally asymmetric curved surface configuration 
that corrects decentration aberrations as the reflecting surfaces 1R and 1 L of the optical path distributing 
mirror 1. the surfaces 11, 12, 12R, 12L, 13R, 13L H 14R and 14L of the optical path distributing prism 10. the 
surfaces 21 R to 25 R of Die decentered prism member 2R of the ocutar optical system for the right eye, and 
the surfaces 21 L to 25L of the decentered prism member 2L of the ocular optical system for the right eye. 

[0085] Basically, the decentered prism member 2R for the right eye, the decentered prism member 2L for 
the left eye, the optical path distributing prism 10 and the oplical path distributing mirror 1 in the present 
invention are decentered optical systems. It is desirable that these decentered optical systems be arranged 
so as to include at least one optical surface with a rotationally asymmetric curved surface configuration that 
corrects decentration aberrations. 

[00861 a case where a decentered optical system is used, for example, as a viewing optical system of a 
head-mounted image display apparatus, it is necessary in order to eliminate a dead space and minimize the 
overall size of the apparatus to position an image display device and each optical surface constituting the 
decentered optical system so that the constituent elements are accommodated in the apparatus in as 
compact a form as possible. Consequently, the optical system must inevitably be decentered three* 
dimensionaUy, and this causes rotationally asymmetric aberration to occur, tt is impossible to correct the 
fotattonally asymmetric aberration by only a rotationally symmetric optica! system. The best surface 
configuration for correcting the rotationally asymmetric aberration due to three-dimensional decentration is a 
foialionally asymmetric surface. Therefore, in the image display apparatus according to the present 
invention, It is desirable to use a rotationally asymmetric curved surface configuration that corrects 
decentration aberrations as the configuration of at least one surface, preferably at least one refecting 
surface, among the reflecting surfaces 1R and 11_ of the optical path distributing mirror 1 , the surfaces 11, 
12, 12R, 12L, 13L. 14R and 14L of the optical path distributing prism 10 the surfaces 21R to 25R of 
the decentered prism member 2R of the ocular optical system for the right eye and the surfaces 21 L to 25L 
of the decentered prism member 2L of the ocular optical system for the right eye. 

[0067] A free-form surface used in the present invention as a surface with a rotationally asymmetric curved 
surface configuration is defined by the following equation, The Z-axis of the defining equation is the axis of a 
free-form surface. EMI59.1 

[0068] In the equation (a), the first term is a spherical surface term, and the second term is a free-form 
surface term. 

[0069] In the spherical surface term: c: the curvature at the vertex k a conic constant r^ 2ROOT 
(X<2>+Y<2>) 

[0090] The free-form surface term is given by EMI59.2 EMI60.1 where Cj (j is an integer of 2 or higher) are 
coefficients. 

[0091 J In general, the above-described free-form surface does not have planes of symmetry in both the XZ- 
and YZ-planes. However, a free-farm surface having only one plane of symmetry parallel to the YZ-plane is 
obtained by making all terms of odd-numbered degrees with respect to X zero, A free-form surface having 
only one plane of symmetry parallel to the XZ-p!ane is obtained by making all terms of odd-numbered 
degrees with respect to Y zero, 

[0D92j In addition, free-form surfaces as the above- described surfaces with a rotationally asymmetric curved 
surface configuration may be defined by Zernike polynomials. That is, the configuration of a free-form 
surface may be defined by the following equation (b). The Z-axis of the defining equation (b) is the axis of 
Zernike polynomial. A rotationally asymmetric surface is defined by polar coordinates of the height of the Z« 
axis with respect to the XY-plane. In the equation (b), A is the distance from the Z-axis in the XY-plane, and 
R is the azimuth angle about the Z-axis, which is expressed by the angle of rotation measured from the Z- 
axis. x=R x cosfA) y=R x sin(A) "(b)" Z=D2 +D3Rcos{A)+D4Rsin(A) +D5R<2>cos(2A)+D6CR<2>-1) 
+D7R<2>sin{2A) +DBR<3>cos[3A)*D9{3R<:3>-2R)cos (A) *DlO(3Rc3>-2R}sin{A)+Dl lR<3>sin(3A) 
+D12R<4>cos(4A)+D13(<$R<4>-3R<2> )cos(2A) + D14(6R<4>-6R<2>+1)+D15(4R<4>-3R<2>)sin{2A) 
+D16R<4>sin(4A} +D17R<5>cos{5A)+D18(5R<5>-4R^3>)cos<3A) +D19(10R<5>-12R<3>+3R)COS(A) +D20 
(10R<5>-12R<3>+3R)sm(A) +D21{5R<5>4R<3>) sln{3A)*D22R<5>sin(5A) + D23R<6>cds(6A)+D24 
(6R<6>-SR<4>}cos(4A) +D25( 1 5R<6>-20R<4>+6R<2>)cos (2A) + D26(20R<6>~3GR<4>+12R<2>-1) +D27 
(15R<5>-20R<4>+6R<2>) sin( 2A) +D28(6R<6>~5R<4>)sin(4A)+D29R<6>sin(6A) where Dm fm is an 
integer of 2 or higher) are coefficients. 

[0093] It should be noted that to design an optical system symmetric with respect to the X-axis direction, DA, 
D5, 06. D10.D11 D12, D13 t D14,O20, D21, 022. should be used. 

[0094] The above defining equations are shown to exemplify surfaces with a rotationally asymmetric curved 
surface configuration. Therefore, the same advantageous effect can be obtained for any other defining 
equation that expresses such a rotationally asymmetric surface. 

[0095] When a light ray connecting the center of the display image of the image display device and the 
center of the pupil is defined as an optical axis, it is desirable that the free-form surfaces of the optical path 
distributing mirror 1, the optical path distributing prism 10, the ocular prism member 2R for the right eye and 
the ocular prism member 2L for the right eye have only one plane of symmetry in a plane (YZ-plane) 
containing the optical axis in the folded optical path within each prism, 

[0D96] it should be noted that other examples of defining equations for free-form surfaces include the 
following defining equation (c): Z= SIGMA SIGMA nmXY 

[0097] Assuming that k-7 (polynomial of degree 7) t for example, a free-form surface is expressed by an 
expanded form of the above equation as follows: "(c) M Z=C2 +C3Y+C4 |X| +C5Y<2>+C6Y \X\ +C7X<2> 
+CBY«=3>+C9Y<2> *xj +C1 0YX<2>+C11 jX<3>! +C12Y<4>+C13Y<3> jX* +C14Y<2>X<2>+C15Y !X<3>j 
+ C1BX<4> +C17Y<5>+C18Y<4> |Xj +C19Y<3>X<2>+C20Y<2> |X<3>| +C21 YX<4>+C22 \X<5>\ 
+C23Y<6>+C24Y<5> |X| +C25Y<4>X<2>*C26Y<3> |X<3>j +C27Y-=25*X<4>+C26Y;X<5>j +C29X<6> 
+C30Y<7>+C31Y<6> |X|+C32Y<5>X<2>+C33Y<4> |X<3>] +C34Y<3>X<4>+C35Y<2> 
|X<5>|+C3BYX<6>+C37 |X<7>| 

[0086) it should be noted that the refracting surfaces of the ocular prisms 2L and 2R for the left and right 
eyes that are closest to the respective exit pupils (the surfaces 24L and 24R in Examples 1 to 6; the 
surfaces 25L and 25R in Examples 7 to 9; and the surfaces 23L and 23R in Examples 10 and 11) may be 
formed from rotationally symmetric aspherical surfaces, In this case, productivity improves, In addition, 
when the rotationally symmetric asphericat surface is used as a reference surface, positioning of other 
surfaces is facilitated. 
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[0099] Further, other known types of decentered prjsm members may be used as the decentered prism 
members 2L and 2R f which constitute the optical systems for the left and right eyes in the foregoing 
examples. 

[01 QQJ Next, image display apparatuses according to Examples 16 to 30 will be described as specific 
numerical examples or the present invention. 

[0101] Fig. 16 is a diagram for describing the image display apparatus according to Example 16, in which; 
Fig. 16(a) is a horizontal sectional view (YZ-section) showing optical systems for two eyes; and Fig. 16(b) is 
a horizontal sectional view showing only the optical system for the right eye. Regarding the fallowing 
Examples 17 to 28. horizontal sectional views of optical systems for two eyes, which are similar to Fig. 16 
(a), are shown in Figs. 17 to 27. 

[0102] In any of the examples, the optical systems have configurations that are symmetric with respect to 
the plane of symmetry between the two eyes as in the case of the above-descnbed Examples 1 to 15, 
Therefore, only constituent parameters in the backward ray tracing of the optical system for the right eye as 
shown in Fig. 16(b) will be shown later. Regarding the constituent parameters in the backward ray tracing in 
Examples 16 to 28 (described later), as shown in Fig, 16(b), an axial principal ray (optical axis ) O is defined 
by a light ray passing through the center of the exit pupil 4R of the optical system at right angles thereto and 
reaching the center of the image display device 3. In the backward ray tracing, the center of the pupil 4R is 
defined as the origin of decentered optical surfaces of a decentered optical system, A Z-axis is taken in the 
direction of the axial principal ray O, and the direction in which the Z-axis extends from the pupil 4R toward 
the final surface of the optical system (the first surface in the backward ray tracing: entrance surface; in Fig. 
16(b), the fourth surface 24 R) is defined as a positive direction of the Z-axis, A plane containing the Z»axis 
and the center of the image display device 3 is defined as a YZ-piane. An axis extending through the origin 
at right angles to the YZ-piane is defined as an X-axis, and Ihe direction in which the X-axis extends from 
the obverse side toward the reverse side of the plane of the figure is defined as a positive direction of the X- 
axis. An axis that constitutes a right-handed orthogonal coordinate system in combination with the X- and Z- 
axes is defined as a Y-axis. In Fig, 16(b), this coordinate system is shown. Illustration of the coordinate 
system is omitted in Figs. 17 to 27, which show Examples 17 to 28. 

[0103) In Examples 16 to 30. decentration of each surface is made in the YZ-plane, and the one and only 
plane of symmetry of each rotationally asymmetric free-form surface is the YZ-plane. 

[0104] Regarding decentered surfaces, each surface is given displacements in the X-, Y- and Z-axis 
directions (X. Y and Z, respectively} of the vertex position of the surface from the origin of the above- 
described coordinate system, and tilt angies (degrees) of the center axis of the surface [the Z-axis of the 
above equation (a) in regard to free-form surfaces; the Z-axis of the following equation (d) in the case of 
asphericaf surfaces] with respect to the X- t Y- and Z-axes ( alpha , beta and gamma , respectively), In this 
case, the positive alpha and ( beta mean counterclockwise rotation relative to the positive directions of the 
corresponding axes, and the positive gamma means clockwise rotation relative to the positive direction or 
the Z-axis. 

[01 05] Among optical functional surfaces constituting the optical system in each example, a specific surface 
and a surface subsequent thereto are given a surface separation when these surfaces form a coaxial optical 
system. In addition, the refractive index and Abbe's number of each medium are given according to the 
conventional method. 

[0106] The configuration of each Tree-form surface used in the present invention is defined by the above 
equation (a). The Z-axis of the defining equation is the axis of the free-form surface. 

[0107] Aspherica! surfaces are ratationally symmetric aspherical surfaces given by the following equation: 
W Z~{Y<2>/R)/[1+{M1+K)Y<2WR<2>}<1/2>i +AY<4>+BY<6>+CY<3>+DY<10>+ . 

[0108] In the above equation, Z is an optical axis (axial principal ray) for which the direction of travel of light 
is defined as a positive direction, and Y is taken in a direction perpendicular to the optical axis. R is a 
paraxial curvature radius. K is a conic constant, and A, B t C t D are 4th- f 6th-, 8lh- and 10th-order aspherical 
coefficients, respectively. The Z-axis of this defining equation is the axis of the rotationally symmetric 
aspherical surface, 

[01 09] It should be noted that those terms concerning free-form surfaces and aspherical surfaces for which 
no data is shown are zero. The refractive index is expressed by the refractive index for the spectral d-iine 
(wavelength: 587.56 nanometers). Lengths are given in millimeters. 

[01 10] In addition, other examples of defining equations for free-form surfaces include Zernike polynomials 
given by the above equation (b). 

[01 1 1] Although in the examples of the present invention the surface configuration is expressed by a free- 
form surface using the above equation (a), it should be noted that the same advantageous effect can be 
obtained by using the above equation (b) or (c), as a matter of course. 

[01 12] Referring back to Fig. 16{a). a major difference between Example 16 and Example A is in the optical 
path distributing prism 10. The optical path distributing prism 10 at the middle between the two eyes has a 
symmetric configuration with respect to the plane of symmetry between the two eyes. The optical path 
distributing prism 10 has five surfaces: a first surface 1 1 as a transmitting surface located on the side of the 
image display device 3 remote from the observer; a third surface 14R as a transmitting surface for the right 
optical path and a third surface 14 L as a transmitting surface for the left optical path, which are located at 
both sides of the first surface 11 on the side remote from the observer; and a second surface 12R as a 
reflecting surface for the right optical path and a second surface 12L as a refiecting surface for the left 
optical path, which are located on the sides of the fourth surfaces 14R and 14L remote from the observer. 
The fourth surface 14R as a transmitting surface for the right optica! path and the fourth surface 14L as a 
transmitting surface for the left optical path are identical with the third surface 13L as a refiecting surface for 
the left optical path and the third surface 1 3R as a reflecting surface for the right optical path, respectively. 
The identical surfaces each serve as both a transmitting surface and a totally reflecting surface. The first 
surface 1 1 has a symmetric configuration with respect to the plane of symmetry between the two eyes. The 
fourth surfaces 14R and 14L and the second surfaces 12R and 12L have configurations that are symmetric 
with respect to the plane of symmetry between the two eyes. The image display device 3 is placed to face 
the first surface 1 1 of the optical path distributing prism 10 on the observer side of the optical path 
distributing prism 10. 

[01 13] in the above-described arrangement, the left and right optical paths ara symmetric with respect to the 
plane of symmetry between the two eyes. Therefore, the optical path for the right eye will be described 
representatively. Display light from a single image display device 3 common to the two eyes is, first, incident 
on the first surface 11 of the optical path distributing prism 10. The incident light is incident on the second 
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surface 12R as a reflecting surface for the right optical path and reflected by the second surface Then, 
the reflected light is incident on the third surface 13R as a reflecting surface for the fight optical path, which 
serves also as the transmitting surface 14L for the left optical path, and reflected by the third surface 1 3R. 
The reflected light passes through the transmitting surface 13 R for the right optical path and enters the 
decentered prism member 2R. The incident light passes through the first surface 21 R to enter the prism. 
The light is incident on the second surface 22R at an incident angle not less than the critical angle and thus 
totally reflected by the second surface 22R. The reflected light is Incident on the third surface 23R and back- 
reflected thereby so as to be incident on the fourth surface 24R at an incident angle less than the critical 
angle. The incident light is refracted by the fourth surface 24 R to exit from the decenlered prism member 
2R. Then, the tight is led to the exit pupil 4R for the right eye to project an enlarged image of the image 
display device 3 into the observer's right eye. In this case, an intermediate image is formed once in the 
optical path from the image display device 3 to the exit pupil 4R. The optical path for the left eye is in 
symmetric relation to the optical path for the right eye with respect to the plane of symmetry between the 
two eyes as in the case of the arrangement of the optical system for the right eye. 

[0114] Example 17 shown in Fig. 17 is similar tD Exampte 1 in Fig. 1 but different from Example 1 in the 
arrangement of the optical path distributing mirror 1 at the middle between the two eyes. In the case of this 
example, a reflecting surface 1 R for the right optical path and a reflecting surface 1 L for the left optical path, 
which have symmetric configurations with respect to the plane of symmetry between the two eyes, are 
farmed from back-coated mirrors produced by coating the back surfaces of lenses 8R and 8L. The rest of 
Example 17 is the same as that in Example 1. 

101 15] In the above-described arrangement, the teft and right optical paths are symmetric with respect to the 
plane of symmetry between the two eyes. Therefore, the optical path for the right eye will be described 
representatively. Display light from a single image display device 3 common to the two eyes, first, enters the 
lens BR for the right optical path, which constitutes the optical path distributing mirror 1, through the 
entrance surface 1 1 L. The light is reflected by the reflecting surface 1R to exit from the entrance surface 
11L and enters the decenlered prism member 2R. The incident light passes through the first surface 21 R to 
enter the prism The light is incident on the second surface 22R at an incident angle not less than the critical 
angle and thus totally reflected by the second surface 22R. The reflected light is incident on the third 
surface 23R and back-reflected thereby so as to be incident on the fourth surface 24R at an incident angle 
less than the critical angle. The incident light is refracted by the fourth surface 24R to exit from the 
decentered prism member 2R. Then, the light is led to the exit pupil 4R for the right eye to project an 
entarged image of the image display device 3 into the observer's right eye. It should be noted that no 
intermediate image is formed in the optical path from the image display device 3 to the exit pupil 4R. The 
optical path for the left eye is in symmetric relation to the optica! path for the right eye with respect to the 
plane of symmetry between the two eyes as in the case of the arrangement of the optica! system for the 
right eye. 

[D1 1 6] Example 18 shown in Fig. 18 is similar to Example A in Fig. 4. 
(01 17] Example 19 shown in Fig, 19 is similar to Example 5 in Fig. 5. 
(01 1 BJ Example 20 shown in Fig. 20 is similar to Example 6 in Fig, 6, 

(01 19] Fig. 21 shows Example 21. A major difference between Example 21 and Example 6 is in the optical 
path distributing prism 10. The optical path distributing prism 10 at the middle between the two eyes has a 
symmetric configuration with respect to the plane of symmetry between the two eyes. The optical path 
distributing prism 10 has seven surfaces: a first surface 11 as a transmitting surface located on the observer 
side or the image display device 3; a second surface 12R as a reflecting surface for the right optica! path 
and a second surface 12L as a reflecting surface for the left optical path, which are reflecting surfaces 
facing the first surface 1 1 and also facing the observer; a third surface 13R as a reflecting surface for the 
right optical path and a third surface 13L as a reflecting surface for the left optica! path, which are disposed 
at both sides of the first surface 1 1 on the observer side thereof; and a fourth surface 14L as a transmitting 
surface for the left optical path and a fourth surface 14R as a transmitting surface for the right optica! path, 
which are disposed on both sides between the third surfaces 13R and 13L and the second surfaces 12R 
and 12L, respectively. The first surface 1 1 has a symmetric configuration with respect to the plane of 
symmetry between the two eyes, The second surfaces 12R and 12L, the third surfaces 13R and 13L and 
the fourth surfaces 14R and 14L have configurations that are symmetric with resped to the plane of 
symmetry between the two eyes. The image display device 3 is placed to face the first surface 11 of the 
optical path distributing prism 10 on the side of the optica! path distributing prism 10 remote from the 
observer. 

[0120] In the above-described arrangement, the left and right optical paths are symmetric with respect to the 
plane of symmetry between the two eyes. Therefore, the optical path for the right eye will be described 
representatively. Display light from a single image display device 3 common to the two eyes is, first, incident 
on the first surface 11 of the opticai path distributing prism 10, The incident light is incident on the second 
surface 12R as a reflecting surface for the right optical path and reflected by the second surface 12R. Then, 
the reflected light is incident on the third surface 1 3R and reflected thereby. The reflected light passes 
through the transmitting surface 14R for the right opticai path and enters the decentered prism member 2R. 
The incident light passes through the first surface 21 R to enter the prism. The light is incident on the second 
surface 22R at an incident angle not less than the critical angle and thus totally reflected by the second 
surface 22 R. The reflected light is Incident on the third surface 23R and back-reflected thereby so as to be 
incident on the fourth surface 24 R at an incident angle less than the critical angle. The incident light is 
refracted by the fourth surface 24R to exit from the decentered prism member 2R. Then, the light is led to 
the exit pupil 4R for the right eye to project an enlarged image of the image display device 3 into the 
observer's right eye. m this case, an intermediate image is formed once in the optical path from the image 
display device 3 to the exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical 
path for the right eye with respect to the plane of symmetry between the two eyes as in the case of Ihe 
arrangement of the optical system for the right eye. 

I0121| Example 22 shown in Fig. 22 is similar to Example 21 in Fig. 21 but different from Example 21 in that 
ocular lenses 9R and 91 are placed between the exit surfaces 24 R and 24 L of the decentered prism 
members 2R and 2L for the right and left eyes, which constitute ocular optical systems, and the exit pupils 
4R and 4L for the right and left eyes, respectively, 

(0122) Example 23 shown in Fig. 23 is similar to Example 2 in Fig. 2. 

[0123] Example 24 shown in Fig. 24 is similar to Example 2 in Fig. 2 but different therefrom in that the 
negative lens 5 is formed from a cemented lens. 

[0124] Fig. 25 shows Example 25. A major difference between Example 25 and Example 1 is as follows. 
The optical path distributing mirror 1 at the middle between the two eyes has four reflecting surfaces, i.e. a 
reflecting surface 1R for the right optica! path and a reflecting surface 1L for the left optical path, which have 
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symmetric configurations with respect to the plane of symmetry between the two eyes, and a second 
reflecting surface 1 R' for the right optical path and a second reflecting surface tL' for the left optical path, 
which face the rejecting surfaces 1R and 1 L. respectively. The second reflecting surfaces 1R' and 1U have 
configurations that are symmetric with respect to the plane of symmetry between the two eyes. Moreover, 
the image display device 3 is placed on the side of the optical path distributing mirror 1 remote from the 
observer. 

(0125] In the above-described arrangement, the left and right optical paths are symmetric with respect to the 
pfane of symmetry between the two eyes. Therefore, the optical path for the right eye will be described 
representatively. Display light from a single Image display device 3 common to the two eyes is, first, incident 
on the reflecting surface 1 R for the right optica? path, which constitutes the optica! path distributing mirror 1 , 
and reflected by the reflecting surface lR.Then + the tight is incident on the second reflecting surface 1R' for 
the right optical path and reflected thereby so as to enter the decentered prism member 2R. The incident 
light passes through the first surface 21 R to enter the prism. The light is incident on the second surface 22R 
at an incident angte not less than the critical angle and thus totally reflected by the second surface 22R. The 
reflected light is incident on the third surface 23R and back- re fleeted thereby so as to be incident on the 
fourth surface 24 R at an incident angle less than the critical angte. The incident light is refracted by the 
fourth surface 24 R to exit from the decentered prism member 2R. Then, the light is led to the exit pupil 4R 
for the right eye to project an enlarged image of the image display device 3 into the observer's right eye, Irt 
this case, an intermediate image is formed once in the optical path from the image display device 3 to the 
exit pupil 4R. The optical path for the left eye is in symmetric relation to the optical path for the right eye with 
respect to the piane of symmetry between the two eyes as in the case of the arrangement of the optical 
system for the right eye. 

[0126J Example 26 shown in Fig. 26 is similar to Example 11 in Fig. 11. 

(01 27] Example 27 shown in Fig. 27 is similar to Example 7 in Fig. 7. However, the second surfaces 22L 
and 22R and the fourth surfaces 24L and 24R of the decentered prism members 2L and 2R constituting the 
ocular optical systems for the right and left eyes are formed from the identical reflecting surfaces, 
respectively. 

(01 2B] Example 26 shown in Fig. 28 is similar to Example 12 in Fig. 12, 

[0129] Fig. 29 is a ray path diagram showing image display apparatus according to Examples 29 and 30 of 
the present invention. In Fig. 29. an image display device constituting the image display device is denoted 
by reference numeral 3. An exit pupir for the right eye is denoted by 4R, and an exit pupil for the left eye is 
denoted by 4L. A decentered prism member placed in front of the right eye as an optical system for the right 
eye is denoted by 2R, and a decentered prism member placed in front of the left eye as an optical system 
for the left eye is denoted by 2L. in addition, an optical path distributing prism formed from a decentered 
prism member, which is placed at the middle between the two eyes, is denoted by 10, The decentered 
prism members 2R, 2L and 10 are made of a transparent medium having a refractive index larger than 1, In 
the following description, surfaces stated to be reflecting surfaces are mirror surfaces formed by providing 
mirror coatings on the relevant surfaces of the decentered prism members except totally reflecting surfaces. 



[0130] Examples 29 and 30 are arranged as shown in Fig. 29, which shows a horizontal section (YZ- 
section) thereof. First, the arrangement will be described in regard to the optical path for the right eye. The 
triangular prism-shaped optical path distributing prism 10 at the middle between the two eyes has a 
symmetric configuration with respect to a plane 20 of symmetry between the two eyes (i.e. a plane passing 
through the center of a line segment connecting the respective centers of the exit pupil 4R for the right eye 
and the exit pupil 4L for the left eye at right angles to the line segment). The optical path distributing prism 
10 has three surfaces: a first surface 11 as a transmitting surface located on the observer side of the image 
display device 3; a second surface 12R as a reflecting surface for the right optical path and a second 
surface 12L as a reflecting surface for the left optical path, which are located at both sides of the first 
surface 1 1 on the observer side thereof to function as totally reflecting surfaces; a transmitting surface 13L 
for the left optical path that is the identical with the second , surface 12R as a reflecting surface for the right 
optical path; and a transmitting surface 1 3R for the right optical path that is the identical with the second 
surface 1 21 as a reflecting surface for the left optical path. The first surface 1 1 has a symmetric 
configuration with respect to the plane 20 or symmetry between the two eyes. The second surfaces 12R 
(13L) and 12L (13R) have configurations that are symmetric with respect to the plane 20 of symmetry 
between the two eyes. The image display device 3 is placed to face the first surface 1 1 of the optical path 
distributing prism 10 on the side of the optical path distributing prism 10 remote from the observer. 

[01 31] The decentered prism member 2R, which constitutes an optical system for the right eye, and the 
decentered prism member 2L, which constitutes an optical system for the left eye, have the same 
configuration and are placed in symmetry with respect to the plane 20 of symmetry between the two eyes. 
The decentered prism member 2R and the decentered prism member 2L each have, in order in which rays 
pass, a first surface 21 R (211), a second surface 22R (22L), a third surface 23R (23L), and a fourth surface 
24R (24 L), The second surface 22R (22L) and the fourth surface 24 R (24 L) are the identical surface. The 
identical surface serves as both a totally reflecting surface and a transmitting surface, 

|0132] In the above-described arrangement, the left and right optical paths are symmetric with respect to the 
plane 20 of symmetry between the two eyes. Therefore, the optical path for the right eye will be described 
representatively. Display light from a single image display device 3 common to the two eyes is, first, incident 
on the first surface 1 1 of the optical path distributing prism 10. The light is incident an the second surface 
12R as a reflecting surface for the right optical path and totally reflected by the second surface 12R. The 
reflected light passes through the transmitting surface 13R (12L) for the right optical path and enters the 
decentered prism member 2R. The incident light passes through the first surface 21 R to enter the prism and 
is incident on the second surface 22R at an incident angle not less than the critical angle, thereby being 
totally reflected by the second surface 22R. The reflected light is incident on the third surface 23R and back- 
reflected thereby so as to be incident on the fourth surface 24 R at an incident angle iess than the critical 
angle. The incident light is refracted by the fourth surface 24 R to exit from the decentered prism member 
2R. Then, the light is led to the exit pupil 4R for the right eye to project an enlarged image of the image 
display device 3 into the observer's right eye. In this case, an intermediate image is formed once in the 
optical path from the image display device 3 to the exit pupil AR, The optical path for the left eye is in 
symmetric relation to the optical path for the right eye with respect to the pfane 20 of symmetry between the 
two eyes as in the case of the arrangement of the optical system for the right eye. 

[0133] With the above- described arrangement, in both the left and right optical paths, dispiay light from the 
image display device 3 is ^ed to the eyeball after undergoing three reflections. Therefore, images ted to the 
left and right eyes are not in mirror-image relation to each other. Accordingly, it is possible to see images of 
the same orientation with the left and right eyes. Moreover, because the image of the image display device 
3 is projected via reflecting and transmitting surfaces which are decentered or tilted with respect to the 
optical axis and at least one of which has a positive power, it is possible to project an image favorably 
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corrected for various aberrations, e.g. curvature of field and chromatic aberration. 

[01 34] Further, in both me left and right optical paths, the greater part of the optical path passes through the 
decentered prism members 10 and 2R (2L). which are Oiled with a transparent medium having a refractive 
index larger than 1, and the optical path is folded therein. Therefore, the whole ocular optical system can be 
made compact 

[0135] Furthermore, the decentered prism members 2R and 2L are placed at positions that are in plane 
symmetry with each other and have the same configuration. H is only necessary to prepare two decentered 
prism members 2R and 2L havmg the same configuration and to place them at respective positions that are 
in plane symmetry with respect to the decentered prism member 10 at the middle between the two eyes, 

|0136] It is premised that an image display device 3 having wide viewing angle characteristics is used in the 
above-described optical system. Therefore, it is desirable to use a spontaneous light-emission type organic 
EL (see Fig, 40} for the image display device 3. When a transmission type LCD (liquid crystal display 
device) is used, it ts desirable to insert a DOE {diffractive opUcal element) between the LCD and the 
backlight to thereby illuminate the LCD with *Mst-order light, or to use an LCD with viewing angle 
characteristics widened by using such scattering film that the viewing angle is increased (the same is the 
case with Examples 1 to 30). 

[D137] Incidentally, it is desirable that the angle alpha of reflection of display light at the second surfaces 
12R and 12L of the optical path distributing prism 10 for distributing the display image of the image display 
device 3 to the optical path for the right eye and the optica! path for the left eye. as shown in Fig. 30 (only 
the optical path for the right eye is shown m Fig. 30, for the sake of simplicity, because the optical path for 
the right eye and the optical path for the left eye are in plane-symmetric relation to each other in the image 
display apparatus according to the present invention), satisfy the following condition: "(1)" 33 DEG *=/- alpha 
</=70 DEG 

[0138] if alpha is smaller than the lower limit of this condition, i.e. 33 DEG , rays are not reflected by the 
second surfaces 12R and 12L but pass therethrough, thus failing, to form an image. If alpha exceeds the 
upper limit, i.e. 70 DEG , it is difficult for rays to travel along the above-described optical paths in the 
arrangement of this optical system. Consequently, the rays fail to form an image. 

[0139) If *b more desirable to satisfy the following condition; "(1-1)" 40 DEG <t- alpha </=60 DEG 

(0140) The meaning of the upper and lower limits of this condition is the same as that of the above- 
described condition (1). 

[0141] Next, it is desirable that the angle beta formed between a plane 20 passing through the center of a 
line segment connecting the center of the exit pupil 4R for the right eye and the center of the exit pupil 4L 
for the left eye at right angles to the line segment (the plane of symmetry between the two eyes) and a 
tangent plane 15 to the second surface 12R of the optical path distributing prism 10 at a point where the 
opUcal axis of the optical path for the right eye is incident on the second surface 12R and the angle beta 
formed between the plane 20 and a tangent plane to the second surface 1 2L of the optical path distributing 
prism 10 at a point where the optical axis of the optica! path far the left eye is incident on the second surface 
12L satisfy the following condition: "(2)" 13 DEG </~ beta </=24 DEG 

[0142] if beta is smaller than the lower limit of this condition, i.e. 13 DEG , some of the reflected rays do not 
pass through the third surface 13R but are undesirably reflected thereby, or rays are not reflected by the 
second surface 22R of the decentered prism member 2R but pass therethrough, undesirably. 
Consequently, it is difficult for rays to travel along the above-described optica! paths, and the rays fail tD 
form an image, if beta exceeds the upper limit, i.e. 24 DEG . some rays are not reflected by the second 
surface 12R but pass therethrough, undesirably. Consequently, H is difficult for rays to travel along the 
above-described optica! paths, and the rays fail to form an image. 

[0143] If is mere desirable to satisfy the following condition: "(2-ir 15 DEG <l* beta </~22 DEG 

[0144] The meaning of the upper and lower limits of this condition is the same as that of the above- 
described condition (2). 

[0145] if is even more desirable to satisfy the following condition: "(2-2)" 17 DEG </= beta </^20 DEG 

[0146] The meaning of the upper and lower Mmits of this condition is the same as that of the above- 
described condition (2). 

[0147] Next, let us assume that, in backward ray tracing from the pupil side, the distance between the 
intersection of the ray passing through the center of the exit pupil 4R for the right eye at the maximum field 
angle on the right-hand side and the fourth surface 24 R of the decentered prism member 2R for the right 
eye and the intersection of the ray passing through the center of the exit pupil 4L for the left eye at the 
maximum field angle on the left-hand side and the fourth surface 24 L of the decentered prism member 2L 
for the left eye is a width L, as shown in Fig. 31, and the distance between the point closest to the left and 
right exit pupils among points at which bundles of rays passing through the centers of the left and right exit 
pupils within the overall field angle pass through or are reflected by the fourth surface 24R of the 
decentered prism member 2R for the right eye ER or the fourth surface 24t of the decentered prism 
member 2L for the left eye EL and the display surface of the image display device 3 in a direction 
perpendicular to the display surface is a depth D. In this case, it is desirable that the ratio of the depth D to 
the width L, i.e. D/L, satisfy the following condition: "(3)" 0.3<-D/l</~0.5 

(0148] If D/L is smaller than the tower limit, i.e. 0.3, a wide field angle cannot be obtained. Consequently, 
the image field becomes unfavorably small in size. If D/L exceeds the upper limit, i.e. 0.5, the depth 
assumes a large value, and the optical system becomes unfavorably large in size. 

[0149) It is more desirable to satisfy the following condition: "(3-1)" D.35</=D/L</=0.45 

[0150] The meaning of the upper and lower limits of this condition is the same as that of the above- 
described condition (3), 

[D151] Regarding Examples 29 and 30, horizontal sectional views illustrating only optical systems for the 
right eye in these examples are shown in Figs. 32 and 33 because the optical system and optical path for 
the right eye and the optical system and optical path for the teft eye are in plane-symmetric relation lo each 
other as stated above. Regarding the optical system for the left eye, it is only necessary to place the 
surfaces of the optica! system for the left eye in symmetric relation to the optical system for the right eye 
with respect to the plane 20 of symmetry between the two eyes (Fig. 29). 
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|0152] Constituent parameters in the backward ray tracing of the optical systems for the right eye in the 
above-described Examples 16 to 30 wilt be shown below. The observation field angles in these examples 
when arranged m the form of a viewing optical system are as follows: In Examples 16 to 21 ana* 23 to 26, 
the horizontal half Held angle is 10 DEG , and the vertical half field angie is 7 + 5 DEG ; in Example 22, the 
horizontal half field angle is 12 DEG , and the vertical half field angle is 9.1 DEG ; in Example 29, the 
horizontal half field angle is 7 DEG , and the vertical half field angfe is 5.26 DEG ; and in Example 30, the 
horizontal ha^f field angle is 7.5 DEG , and the vertical half field angle is S.64 DEG . In Examples 16 to 26, 
the size of the image display device is 8.9x6.7 mm In Example 29. the image display device size is 
8,94x671 mm. In Example 30, the image dispfay device size is 8.94x671 mm. In all Examples 16 to 30, the 
pupil diameter is 4 mm. It should be noted that when arranged in the form of a viewing optical system, 
Example 29 is equivalent to an optical system with a focal ienglh of 36 mm. and Example 30 is equivalent to 
an optical system with a focal length of 34 mm. 

[0153] It shoutd be noted that in the tables below, "FFS" denotes a free-form surface, and IH ASS h denotes an 
aspherical surface, and further "RE" denotes a reflecting surface. <tb><TABL£> Columns=6 <tb>TiUe: 
Example 16 <tb> <tb>Head Col 1 : Surface No. <tb>Head Col 2: Radius of curvature <tb=>Head Col 3: 
Surface separation <tb>Head Cat 4: Displacement and tilt <tb>Head Coi 5: Refractive index <tb>Head Col 
6: Abbe's No. <lb><SEP>Object plane<SEP> INFINITY <SEP>~1000.00 <tb><SEP>1<SEP> INFINITY 
(Stop) <lb><SEP>2<SEP>ASS 1 &cir& <SEP><SEP>{1)<SEP>1 .5254<SEP>56.2 

<tb><SEP>3<SEP>FFS1 &cir& (RE)<SEP><SEP><2)<SEP>1.S2S4<=SEP>5B.2 <tb><S£P>4<SEP>ASS 1 
&dff& {RE)<SEP><S6P>0)<SEP>1.5254<SEP>56.2 <tb><S£P>5<SEP>FFS2 &cir& <SEP><SEP>{3) 
<tb><:SEP>6<SEP^FFS3 &cir& <SEP><SEP>(4)<SEP>1.5254<5EP>56.2 <lb><SEP>7<SEP>Ff=S4 &cir& 
{RE)<SEP><SEP>(5)<SEP>1.5254<SEP>S6.2 *tb><SEP>B<S£P>FF35 &cjr& (RE)<SEP><SEP>{6) 
<SEP>1,5254<SEP>56.2 <tb><SEP>9<S£P> INFINITY <SEP><SEP>{7) <tb><SEP>lmage p|ane<SEP> 
INFINITY <SEP><SEP>(8) 

ASS1 Gdr& R -61.00 K 0.0000 A -2,8485x1 0<-6> B 8.9070x1 0<-9> 

FFS1 &Cir& C4 -1.221 2x1 0<-2> C6 -1 .2499x1 0<-2> C8 -7.21 15x1 0<-6> C10 3,6893x1 0<*5> C11 - 
2.8593x1 0<-6> C1 3 -3.0073 X 10<-6> C15 -3.4462x1 0<-6> C17 -1.6344x10<-9> C19 -4.1 364x1 0<-8> C21 
-2.0343x1 0<-8> 

FFS2 &cir& 04 1 .0330x1 0<-2> C6 -2.2053x1 0<-2=» C8-8.5243x10<-5> 

C10-1.3497x1O<-3> C111.1148x10<-4> C13 -2.6040X1 0<-4> C1 5 3.9230x10<-4> 

F F S3 &cir& C4 -8.5360 x 10<-3> C6 ~8. B071 X 10<-3> C87.18Q1 x 10<-5> C1D 7.6086x1Q<-5> C1 1 
6.3213x10-7 C1 3 8.2333x1Q<-6> C15 1 .9455x10<-6> 

FFS4 &ctr& C4 8.5360x1 0<-3> C6 8,8071x1 0<»3> C8 -7.1 801x10<-5> C1D -7.6086x1 0<-5> C11 - 
6.321 3x1 0<-7> C13 -8.2333x1 0<-6> C1 5 -1.9455x1 0<-6> 

FFS5 &cir& C4 1,2329x10<-2> C6 6.7124x10<*3> C8 -3.9501x1Q<-5> C10 -1 .3809x1 0<-4> C11 - 
1.6628x10<-6=> C13 3.63G2x10<-6> C15 -3.8832xl0<-6> 

Displacement and liH(t) X 0.00 Y 9.84 Z 3273 alpha -0,83 beta 0.00 gamma 0.00 
Displacement and tilt(2) 

X 0.00 Y -0.48 2 39.28 alpha -30.61 beta 0.00 gamma 0.00 

Displacement and ti|t(3} X 0.00 Y 16.17 Z 37,03 a^pha 35.52 beta 0.00 gamma 0,00 

Displacement and tilt(4) X 0.00 Y 19,39 2 46.79 alpha -91 .71 beta 0.00 gamma 0.00 

Displacement and tilt(5) X 0.00 Y 44,61 Z 46,79 alpha -88.29 beta 0.00 gamma 0.00 

Displacement and tilt(6) X 0.00 Y 22.62 Z 55.S6 alpha 136.79 beta 0.00 gamma 0.00 

Displacement and !M(7) X 0.00 Y 32,00 Z 33.76 alpha -180.00 beta 0.00 gamma 0.00 

Displacement and tilt(8) X 0.00 Y 32.00 Z 29.64 alpha -180.00 beta 0.00 gamma o.oo <tb></TABLE> 
<tb><TABLE> Columns=6 <tb>THIe; Example 17 <tb> <tb>Head Col 1: Surface No. <tb>Haad Col 2: 
Radius of curvature <tb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and tilt <tb>Head 
Col 5: Refractive index <tb>Head Col 6: Abbe's No. <tb><SEP>Object p|ane<SEP> INFINITY <S£P>- 
1000.00 <tb><SEP>KSEP> INFINITY (Stop) <tb><SEP>2<SEP>ASS1 ScirS, <SEP><SEP>(1) 
<SEP>1.5254<SEP>56.2 <tb><S£P>3<SEP>FFSl &clr& (RE)<SEP><SEP>{2)<SEP>1.5254<SEP>55.2 
<tb><SEP>4<SEP>ASS1 &cir& {RE)<SEP><SEP>{1)<SEP>1 ,52S4<SEP>55,2 <tb><SEP>5<SEP>FFS2 
&cir& <S£P><SEP>(3) <tb><SEP>6<SEP>FFS3 &cif& <SEP><SEP>(4)<SEP>1.5254<SEP>56.2 
<tb><SEP>7<SEP>FFS4 &cir& {RE)<SEP><SEP>{5)<SEP>1 .5254<SEP>56,2 <tb><SEP>8<SEP>FFS3 
5.cir& <SEP><SEP>(4) <tb><SEP>lmage plane<SEP> INFINITY <SEP><SEP>(6) 

*ASS1 &cir& R -95.45 K 0.0000 A -6.5740x1 0<~8> & 1 ,3849x1 0<~9> 

FFS1 S,cir& C4 -1.0306x10<~2> C6 ~1.0412x10<-2> C8 2.0096x1 0<-5> C10 2.8787x10<-5> C11 - 
7.7967x1 Q<~7> C13 -2.3996x1 0<-6> C1 5 -2,6208 x 10-<6> C17 -5.01 08x1 Q<-8> C19 1.1907 x 1D<-8> C21 
1.4876x10<-8> 

FFS2 &cir& C4 ~7.5S38x10<-3> C6 6696x1 Q<-4> CB 1.3B58 X 10<-3> C10 2.0287x1 0<-3> C11 
S.0303x10<-5> C1 3 -1,5350x1 0<-4> C1 5 -6.5070x1 0<-5> 

FFS3 &cir& C 4 -7.6923x1 G*-2> C5 -9.3217x1 D<-3> C6 3.8760x1 0<-3> C10 -9.4736x1 Q<-4> C1 1 - 
7.2844x1 0<-4> C13 6.5675x1 G<~4> C15 -4.9359x1 0<-5> 

FFS4 &cir& C4 -1.l587xl0<-2> C6 1<1772x10<~2> C6 1.0849x10<-3> C10 -1.8206 x1Q<~4> C11 -5.4651 x 
10<-4> C13 1.7195 x 10<-4> C15 -1.32Q2x10<-5> 

Displacement and tiH(1) X 0.00 Y 9,05 Z 39, 11 alpha 10.70 beta 0.00 gamma O.OO 
Displacement and liH(2) X 0.00 Y 0.24 Z 48,07 alpha -21.35 beta 0,00 gamma 0.00 
Displacement and tilt(3) X 0.00 Y 19.03 Z 43.57 alpha 92.98 beta 0.00 gamma 0.00 
Displacement and tift(4) X 0.00 Y 35.65 Z 58 02 alpha -145.94 beta 0.00 gamma 0.00 
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Displacement and ii1t<B) X 0.0D Y 39.28 Z 61 .80 alpha -147.29 beta 0.00 gamma 0.00 

Displacement and tilt{6) X 0,00 Y 32,00 Z 38.00 alpha 0.00 bela 0.00 gamma 0.0D <tb></TABLE> 
<lb><TABLE> Columns~6 <lb>Title: Example 1B -=tb> <tb>Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <lb>Head Col 3: Surface separation <lb>Head Col 4: Displacement and tilt <tb>Head 
Col 5: Refractive Index <tb>Head Col 6: Abbe's No. <tb><SEP>Object plane<SEP> INFINITY <SEP>- 
1000.00 <tb><SEP>1<SEP> INFINITY (Stop) <tb><5EP>2<SEP>ASS1 &cir& <SEP><SEP>(1) 
<SEP>1.5254<SEP>56.2 <tb><SEP>3<SEPi>FFS1 &cir& (RE)<SEP><SEP>(2)<5EP>1.5254<SEP>56.2 
<tb><SEP>4<SEP>ASS1 &cir& {R£)<SEP><5EP>{1)<SEP>1.5254<SEP>56.2 <lb><SEP>5<SEP>FFS2 
&cir& <SEP><SEP>(3) <tb><=SEP>6«=5EP>FFS3 &dr& <SEP><SEP>(4)<SEP>1 .5254<SEP>56.2 
<tb>^SEP>7<SEP>FFS4 ScirS (RE)<SEP><SEP>(5)<SEP>1.5254<SEP>56.2 <tb>*SEP>8<SEP>FFS5 
&cir& cSEP><SEP>(6) <tb>*SEP>lmage plane<SEP> INFINITY <SEP><SEP>(7) 

ASS1 &cir& R -99.17 K 0.0000 A -5. 1344x1 0<«6> B 5.4560x1 G<-9> 

F F S1 fi.cir& C4 -1.3402x10<-2> CG -1.1G1Bx10<-2> CB 2.982ex10<*6> C10 -4.6829x1 0<-6> C1 1 - 
2.-1079x1 0<-6> C13 -3.111 5x1 0<-6> C15 -2.2505x1 0<-6> C17 1.0452x10<-7> C 19 1.1084x10<-7> C21 
2.6833X1 0<-B> 

FFS2 ficirfii C 4 -1 .9489x1 0<-2> C6 -3.8B08x10«=-3> C8 4. 6522x1 0<~3> C10 4.88S8xl0<-3> C11 
1. 8575x1 0<-4> C1 3 -7.7300x1 G<-4=> C15 -6.0291x10<~4> 

FFS3 ScirS C4 -B.6443x10<:-2> C6-3.9460x10<-2> C8 B.0248x10<-3> C10 9.1640 X 10<~3> C11 - 
6.23l8x10<:-5> C13 1.4493 x 10<-3> C15 1. 6706x1 G<=-3> 

FFS4 &cir& C4 1, 9984x1 0<~2> CB 1,77l9xl0<-2> C8 2.272Gx10<-4> C10 2.2345x10<-4> C11 
6 ( 1407x10<-6>C13 2.341 2x10<-5> C15 -1.4916x1G<-6> 

FFS5 &Cir& C4 -1 .0029x1Q<»2> CB 4.6836 X l0<-3> 

Displacement and lilt(1) X 0.00 Y 12.74 Z 36.00 alpha 2.52 bete 0,00 gamma 0.00 

Dispfacemenl and I1lt{2) X 0.00 Y -0.37 Z 45.03 alpha -28.87 beta 0.00 gamma 0.00 

Displacement and tilt(3) X 0.00 Y 20.71 Z 40.51 alpna 74.60 beta 0.00 gamma 0.00 

Displacement and tilt(4) X 0.00 Y 22.61 Z 41.95 alpha -113.38 beta 0.00 gamma 0.00 

Displacement and tilt(5) X 0.00 Y 38.54 Z 52.07 alpha -144.30 beta 0.00 gamma 0.00 

Displacement and tilt(6) X 0.00 Y 32.00 Z 36.77 alpha 0,00 bela 0,00 gamma O.GD 

Displacement and tilt(7) X 0,00 Y 32.00 Z 30.00 alpha 0.0G beta 0.00 gamma 0.00 <=tb></TABLE> 
<tb><TABLE> Coiumns^S <tb>Title: Example 19 <lb> <b>Head .Col 1: Surface No, <tb>Head Col 2: 
Radius of curvature ^tb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and tilt <tb>Head 
Col 5: Refractive index <tb>Head Col 6: Abbe's No. <tb><SEP>Objecl p1ane<SEP> INFINITY <SEP>» 
1000.00 <tb><SEP>KSEP> INFINITY (Stop) <tb><SEP>2<SEP>ASSl &cir& <SEP><SEP>(1) 
<SEP>1.52S4<SEP>56.2 <tb><SEP>3<SEP>FFSl &cif& (RE }<SEP><SEP>(2)<SEP>1.5254<SEP>55.2 
<tb><SEP>4<SEP>ASSl Scirfi. (RE)<SEP><SEP>(1)<SEP>1.5254<SEP>56.2 <tb><5EP>5<5EP>FFS2 
&clr& <SEP><SEP>{3) <tb><SEP>6<SEP>FFS3 &cir& <SEP><S£P>(4)<SEP>1.5254<SEP>55.2 
<tb><SEP>7<SEP>FFS4 &cir& (RE)<SEP><5EP>(5)<SEP>1.5254<SEP>56.2 <tb><SEP>8<SEP>FFS5 
&cir& <SEP><SEP>(6) <tb><SEP>lmage p1ane<SEP> INFINITY <SEP><SEP>(7) 

ASS1 &dr& R 371 .46 K 0.0000 A -B.468Bx10<-7> B 2,9DB9x1O<-10> 

FFS1 &dr& C A -6,3820x1 Dc3> C6 -8.9287x1 G<-3> C8 -7.51 89x1 D<-5> C10 -2.7485x1 G<*6> C11 - 
5.1745x1 0<-6> C13 -6.0G33x1O<-7> C15 2.8823x10<-6> C17 3.21B4XlQ<-7> C19 8.6382 x 10<-B> C21 - 
1.549Bx10<-B> 

FFS2 &cir& C4 -4.0226x1 0<-2> C6 -3.3297x1 0<-2> CB 2.4201x10<-3> C10 6.Q7B1x10<-3> C1 1 
7.4789x1 0<-4>C13 -3,2635x1 0<-4> C 15 2.1 572x1 0<~4> 

FFS3 &cir& C4 -2.G127x1D<-2> C6 -1 .40D9x10<-2> C8 -1 .3093x1 0<-3> C10 -1.0645x1 D<-4> C1 1 - 
2.3099x1 0<:-4> C13 -2.881 8x1D<-5> C1 5 -1 .4532x1 0<-6> 

FFS4 &Cir& C4 2,0127x10^-2> C61 .4009x10<-2> C8 1 3093x1 G<-3> C10 1 .0645x1 0<-*> C11 2,3D99x1G<~ 
4> C1 3 2.8B1 8x1 0<-5> C 1 5 1 .4532x1 G<-&> 

FFS5 &Cir& C4 2.3952x1D<~1> C6 6,337lx10*-4> 

Displacement and tilt(1) X 0.00 Y 20.12 Z 35.02 alpna 6.83 beta 0.00 gamma 0.00 

Displacement and tilt(2) X 0.00 Y 0.52 Z 47.68 alpha -27.07 beta 0.00 gamma 0.00 

Displacement and tilt(3) X 0.00 Y 27,52 Z 37.59 alpha 76.08 bela 0.00 gamma 0.00 

Displacement and lilt<4} X 0.00 Y 29.00 Z 40.96 alpha -1 1 B.18 beta 0.00 gamma 0.00 

Displacement and tilt(5) X 0.00 Y 35.00 Z 40.96 alpha -61 .82 beta 0.00 gamma 0.00 

Displacement and tilt(6) X 0.00 Y 32.00 Z 50.73 alpha -180.00 beta 0.00 gamma 0.00 

Displacement and tilt(7) X O.oo Y 32.DG Z 58.00 alpha -180.00 beta 0.0D gamma G.GO <tb></TABLE> 
<tb><TABLE> Columns=6 <tb>Title: Example 20 <lb> <tb>Head Col 1; Surface No. <tb>Head Col 2; 
Radius of curvature <tb>Head Col 3: Surface separation <ib>Head Col A\ Displacement and tilt <tb>Head 
Col 5: Refractive index <lb>Head Col 6: Abbe's No. <tb><SEP>Object piane<SEP> INFINITY <SEP>- 
1000.00 <tb><SEP>1<SEP> INFINITY (Stop) <tb><SEP>2<SEP>ASS1 &cir& <SEP><SEP>(1) 
<SEP>1.5254<SEP>56.2 <tb><SEP>3<5EP>FF51 &cir& (RE)<SEP><SEP>(2)<SEP>1,5254<SEF>55,2 
<tb><SEP>4<SEP>ASS1 &cir& (RE)<SEP><SEP>{1)<SEP>1 ,5254<S£P>56.2 <tb><SEP>5<SEP>FFS2 
&cir& <SEP><SEP>(3) <tb><5EP>6<SEP>FFS3 &cir& <SEP><SEP>(4)<SEP>1.5254<SEP>56.2 
<tb><SEP>7<SEP>FFS4 &cir& (RE)<:SEP><=SEP>(5)<SEP>1 .5254<SEP>56.2 <tb>^SEP>8<SEP>FFS5 
&dr& (RE}<SEP><SEP>{6)<SEP>1.5254<SEP>5B.2<tb><SEP>9<SEP>FFS6 &cir& <SEP><SEP>{7) 
<tb><SEP>lmage p!ane<SEP> INFINITY <SEP><SEP>(8) 
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ASS1 &cir& R -78.87 K 0,0000 A 6,3888x1 0<-6> B -6.7614x1 0<-9;> 

FFS1 &cir&C4 -1 .3820x1 Q<-2> C6 -1.2744x1 0<-2> C8 -5,91 46x1 0<-5> C10 -8.6079x1 0<-5> C1 1 - 
1,5009x10<-6> C1 3 -3.9389x1 0<-6> C15 -3.9837x1 0<-6> C17 9.5456xl0<-8> C19 2.5546x10<~7> C21 
8.4257x1 0<-8> 



FFS2 &Cir& C4 -4.8112x10<-2> C6 2.2437x1 0<-2> C8 1.2529x1Q<~2> C1Q «1,4147x10<~3> C11 
1.1201x1 0<»3> C1 3 -4 .2302* 1 0<-3> C1 5 -1 .8265x 1 0<~5> 

FFS3 &Cir&C4 -2.4894x1 0<-2> C6 1 .7719x10<-3> C8 1 ,3030x1 0<-2> C10 8,7223x1 0<-3> C11 - 
2.5B93X10<»3>C13 2,0937x10<-3> C15 -1 7955x10<-4> 

FFS4 &cir& C4 1.45t0x1D<-2> C6 1.4974x10<-2> C8 6.3447x10<-5> C10 -3.3021x1 0<-5> C1 1 
6.7340x1 Q<-6> C13 1 .3268x1 0<-5> C1S 5.6476x1 Q<-6> 

FFS5 &cir& C4 -5.01 77x1 G<-3> C6 4,2398x10<~3> C1 1 1.3297x10<=-5> C1 3 1 .7182x1G<-5=> C15 
7,81 22x1 0<-6> 

FFS6 ficirfi. C4 G.6144x10<-2> C6 3. 1372x1 0<-2> C11 5,4070x1 0<-4> C13 -2.1336x1 0<-4> C15 - 
4.3706x1 0<-4> 

Displacement and tilt(i) X 0.00 Y 13.06 Z 30,44 alpha 4.48 beta 0.00 gamma 0.00 

Displacement and ti|t(2) X 0,00 V -0.13 2 36.51 alpha -29.74 beta 0.00 gamma 0.00 

Displacement and tilt{3) X 0.00 Y 17.85 2 32.43 alpha 74.33 beta 0.00 gamma 0.00 

Displacement and tilt{4) X 0.00 Y 19.17 2 33.07 alpha -102,30 beta 0.00 gamma 0.00 

Displacement and tm{5) X 0.00 Y 44.66 2 43.01 alptia -133.87 beta 0.00 gamma 0 00 

Displacement and tiH{6) X 0.00 Y 32.00 2 30.30 alpha -180.00 beta 0,00 gamma 0,00 

Displacement and titt(7) X 0.00 Y 32.00 Z 48.57 alpha 0.00 beta 0.00 gamma 0.00 

Displacement and tilt(a) X 0.00 Y 32.00 Z 53.57 alpha 0.00 beta 0.00 gamma 0.00 <tb><fTABLE> 
<tb><TABLE> Co!umns=6 <tb>Tilie; Example 21 <tb> <=tb>Head CoJ 1 : Surface No. <tb>Head Col 2: 
Radius of curvature <tb=»Head Col 3: Surface separation <tb>Head Col 4: Displacement and tilt <tb>Head 
Cot 5; Refractive index <!b>Head Col 6: Abbe's No. <tb><SEP>Object plane<SEP> INFINITY <SEP>- 
1000.00 <ib><3EP>KSEP> INFINITY (Stop)<SEP><SEP>{1)<SEP><SEP>% <=tb><SEP>2<5EP>ASS1 
&clr& <SEP><SEP>{2)«SEP>1.5254<SEP>56.2 <tb><SEP>3<S£P>FFSl &cir& (RE)<SEP><SEP>(3) 
<SEP>1,5254<3EP>56.2 <tb><SEP>4<=SEP>ASS1 &cir& (RE)<SEP><S£P>{2)<SEP>1.52S4<SEp>56 + 2 
<b><SEP>5<SEP>FFS2 &cir& <SEP><SEP>(4) <tb><SEP>6<SEP>FFS3 &cir& <SEP><SEP>(5) 
<5EP>1.5254<SEP>56.2 <tb=><SEP>7<SEP=>FFS4 &cir& {RE)<SEP><SEP>(6)<SEP>1 .5254<SEP^56.2 
<tb><SEP>8<SEP>FPS5 &cir& (RE)<SEP><SEP>(7)<SEP>1.5254<S£P>56.2 <tb><SEP>9<SEP>FFS5 
&cir& <SEP><SEP>(8) <tb><SEP>lmage plane<SEP> INFINITY <SEP><5EP>(9) 

ASS1 &dr& R -93.13 K 0,0000 A -7,3153x10<-6> B 1 .0465x1Q<-8> 

FFS1 &cir& C4 -1 .2530x1 0<-2> C6 -1 .0935x1 0<-2> C8 4.3572*1 D<»5> C10 5,6790x1 0<-5> C11 - 
4.5759x1 0<-6> C13 5,7024X1 0<-6> C15 -2.5865x10<-6> C1 7 5. 1708x1 0<-8>C 19 4.7739x1 0<-8> C21 
4.8274x1 G<-8> 

FFS2 &cir& C4 2J276x10<-2> C6 ~1 .3001x1 0<-2> C8 1.269Bx10<-2> C10 -4.0940x1 0<-3> C11 
6.8259x10<-4>C13 -1.1 193x1 0<-3> C15 -4.9525x1 0<»5> 

FFS3 &cir& C4 -7.781 8x1 0<-2> C5 -1. 3976x1 0<-2> C8 8.2943x10<-3> C10 -3.6125x10<-3> C1 1 - 
2. 1473x1 Q<~3> C13 1.6422 x 10<-3> C15 2. 1472x1 0<-4> 

FFS4 Scirfi, C4 1,7708x1 0<-2> C6 9*8479x10<-3> C8 4.2747x10<-5> C10 1 .4710x1 0<-5> C1 1 
6.0476x10<-6> C13 9.5455x1 0<-6> C1S 7,9647x10<-6> 

FFS5 &cjr& C4 ^3,2083x1 0<~3> C6 »1.1682x10<-2> C8 -3.8379x1 G<~4> C10 -4.7983x1 0<-4> C11 
3.2203x10<-5> C13 2.4146x10<-5> Cl5 1.5623x1 0<-5> 

FFS6 &cir& C4 -1, 2690x1 0<=-2> C6 1 ,2046x10<-2> 

Displacement and tilt{1) X 0.00 Y 0.00 2 0.00 alpha Q.OO beta 0.00 gamma 0.00 

Displacement and iilt(2) X 0.00 Y 1 1 .12 2 31.05 alpha 6,41 beta 0.00 gamma 0.00 

Displacemeni and UU{3) X 0,00 Y -0,1 1 2 39.90 alpha -26.24 beta 0.00 gamma 0.00 

Displacement and tilt(4) X 0.00 Y 19.37 2 34.98 alpha 52.37 beta 0.00 gamma 0.00 

Displacement and tilt(S) X 0.00 Y 19.70 Z 35. 09 alpha -124.03 beta 0.00 gamma 0.00 

Displacement and tilt(B) X 0.00 Y 41 ,67 2 44.93 alpha -137.82 beta 0.00 gamma 0.00 

Displacement and tilt(7) X 0.00 Y 36.67 2 30.00 alpha -176,59 beta 0.00 gamma 0.00 

Displacement and tNt(8) X 0.00 Y 32 00 Z 48.79 alpha 0.00 beta 0.00 gamma 0.00 

Displacement and tilt{9) X 0.00 Y 32.00 2 51.01 alpha 0.00 beta 0.00 gamma 0,00 <tb><fTABLE> 
<tb><TABtE> Columns=6 <tb>TH!e: Example 22 <tb> <tb>Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <tb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and ttlt <tb>Head 
Col 5: Refractive index <tb>Head Col 6: Abbe's No <tb><SEP>Object plane<SEP> INFINITY <SEP>- 
1000.00 <lb><SEP>1 <SEP> INFINITY (Stop)-=SEP><SEP>(1) <tb><SEP>2<SEP=» INFINITY 
<=SEP><SEP><2)<SEFM.4924<SEP>107.9 <ib><SEP>3<SEP>ASS1 &cir& <SEP><SEP>(3) 
<tb><SEP>4<SEP>ASS2 &cir& <SEP><SEP>(4)<SEP>1,5254<SEP>56.2 <tb><S£P>5<SEP>FFS1 &dr& 
(RE)<SEP><SEP>(5)<SEP>1.5254<S£P>56.2 <tb><SEP>6<SEP>ASS2 &csr& (RE)<SEP><SEP>(4) 
<SEP>1.5254<SEP>55,2 <tb><SEP>7<SEP>FFS2 &cir& <SEP><SEP>{6) <tb><SEP>8<SEP>FFS3 &cir& 
<SEP><SEP>(7)<SEP=-1.5254<5EP>S6.2 <tb><5EP>9<SEP>FFS4 &rir& (RE)<SEP><SEP>(8) 
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<S£F>1,5254<SEP>56.2 <tb><SEP>1 0<SEP>FFS5 &cir& (RE)<SEP><SEP>(9)<SEP>1 .5254<=SEP>56.2 
<tb><SEP>11<SEP=>FF5G &cir& <SEP><SEP>{10) <tb><5EP>lmage plane<SEP> INFINITY 
<SEP><SEP><11) 

ASS1 &cir& R -31 17 K D.OQOO A -2.3392x1 0<-6> B 1.4417x10<-8> 
ASS2 &Ctr& R -104.32 K 0.0000 A -1 .1 160x1G<»5> 8 1 .3666x1 0<:-8> 

FFS1 &cir& OA -1.1 076x1 0<-2> C6 -9.7026xlO<-3> CB 1 .2453x1 0<=-4> C10 8.6331x1Q<*5> 
FFS2 C4 ^2.69GBx10<-2> C6 ~2.2G30x10<-2> C8 3.0544x1 0<-3> C10 -2.0443x1G<-3> 

FFS3 &cir& C4 -4.7273x1 0<~2> CS -2.931Bx10<-2> CB 4.B533x10<~4> C10 -2.151 1x10<-3> 
FFS4 &cir& C4 1,3337x10<~2> C6 7.791 7x1 0c-3> CS 5.2903x10<~6> C10 3.2236x10<-5* 
FFS5 &cir& C4 -7.4443x1 G<-3> C6 -1.1 004X1 D<-2> C6 -3,4435 x 10<-4> C10 -2.741 6x1 0<-4> 
FFS6 &cir& C4 6.1792x1 0<-3> C5 7.4722x1 0<-3> 

Displacement and lilt(1) X 0.00 Y 0.0D Z 0,00 alpha 0,00 beta 0 00 gamma 0.00 

Displacement and tllt(2) X 0.00 Y 0.00 Z 25.00 alpha 0.00 beta D.OO gamma 0.00 

Displacement and tilt(3) X 0.00 Y 0,00 Z 29.43 alpha O.OD beta 0.0D gamma 0.00 

Displacement and iili(4) X 0.00 Y 10.49 Z 30.94 alpha 6.19 beta 0.00 gamma 0.00 

Displacement and tilt(5) X 0.00 Y »0,10 Z 40.19 alpha -24.76 beta 0.00 gamma 0.00 

Displacement and tilt(6) X 0.00 Y 18.51 Z 35.34 alpha 55.35 beta 0,00 gamma 0.00 

Displacement and tiH(7)X D.OO Y 19.05 Z 35.60 alpha -11 1.46 beta 0.00 gamma 0.00 

Displacement and tiil{B) X 0.00 Y 41 .39 Z 45.63 alpha -142,01 beta 0.00 gamma 0.00 

Displacement and lilt{9) X 0.00 Y 38.56 Z 29.81 alpha 177.05 beta 0.00 gamma 0.00 

Displacement and tilt{10) X 0.00 Y 32,00 Z 49.26 alpha 0,00 beta 0.00 gamma 0.00 

Displacement and tilt{11) X 0.00 Y 32.00 Z 51.37 alpha 0.00 13 beta 0.00 gamma 0,00 <tb></TABLE> 
<tb><TABLE> Columns=6 <tb>THIe: Example 23 <tb> <tb>Kead Col 1: Surface No. <lb>Head Col 2: 
Radius of curvaJure <tb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and tilt <tb>Head 
Co! 5; Refractive index <ib>Head Col 6: Abbe's No. <tb><SEP>Object plane^SEP* INFINITY <$EP>- 
1000.00 <tb><SEP>KSEP> INFINITY (Stop) <U>>-=S£P>2<SEP>ASS1 &cir& <SEP><SEP>{1) 
<SEP>1.5254<SEF>56.2 <tb><SEP>3<SEP>FFS1 &cir& (RE)<SEP><SEP>(2)<SEP>1.5254<SEP>56.2 
<tb><SEP>4<SEP>ASS1 &cir& (RE)<SEP><SEP>{1)<SEP>1.5254<SEP>56.2 <tb><SEP>5<SEP>FFS2 
&ck& <5EP><SEP>(3) <tb><SEP>6<SEP>FFS3 ScifS (RE)<SEP><S£P>(4) 
<tb><SEP>7<SEP>9.36<SEP><SEP>(5)<SEP>1 .52S4c5EP>56.2 <=tb><=SEP>B<SEP>ASS2 Scirfi. 
<SEP><SEP>(5) <tb><SEP>lmaoe plane<SEP> INFINITY <SEP><SEP>(7) 

ASS1 &cir& R -112.57 K 0.0000 A 1 .2804x1 0<~7> B 1 .9023x1 G<*9> 

ASS2 &cir& R 17. 1B K 0.0000 A -1 .1585x1 G<-4> B 4.5485x10<*6> 

FFS1 &cir& C4 -1 ,0753x1 0<-2> C6 -1.0721x10<-2> C8 7.6154x1Q<~5> C10 -1.91 06x1 0*-5> C1 1 
4.9749x1 0<-6> C 13 -5.341 5x10<-6> C1 5 -2.8610x1 0<-6> C17 1 .3623x1 0<-7> C1 9 2.9234x1 0<~8> C21 - 
5.001 2x1 D<-9> 

FFS2 &cir& C4 -4.2973x1 0*-2> C6 3.8451x1D<-2> CB 3.6B9Sx10«^3> C10 5.7252x1Q<-3> C11 
1.4826x1 0<-4> C13-1.1264x10<-3> C1 5 4.7888x1 0*-4> 

FFS3 &cir& C4 2,0B62x1O<-2> C6 1.8162x10<-2> CB 1 .4B1 1x10<~4> C10 -2.1971x1 0<-5> C1 1 
1 .3347x1 0<-5> C 1 3 2.3775x1 0<-5> C1 5 7.6542x1 0^6> 

Displacement and tilt(1) X 0.00 Y 12.30 Z 38.14 alpha -1.09 beta 0.00 gamma 0.00 

Displacement and tiit(2) X 0.00 Y -0.33 Z 45,00 alpha -31 .99 beta 0.00 gamma 0.00 

Displacement and titt(3) X 0.00 Y 19.10 Z 42.18 alpha 78.03 beta 0.00 gamma 0.00 

Displacement and tiit(4) X 0.00 Y 39.78 Z 60.30 alpha -147.16 beta 0.00 gamma D.OO 

Displacement and ti1t(5) X 0.00 Y 32.00 Z 40.05 alpha 0.00 beta 0.00 gamma 0.00 

Displacement and ti1t{6) X 0,00 Y 32.00 Z 37.55 alpha O.00 beta 0.00 gamma 0.D0 

Displacement and iilt{7) X 0.00 Y 32.00 Z 31 .96 alpha 0.00 beta 0.00 gamma 0.00 <tb></TABLE> 
<tb><TABLE> Colurnns-6 <=tb>Title: Example 24 <tb> <tb>Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <tb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and tilt <tb>Head 
Col 5: Refractive index <tb>Head Col 6: Abbe's No. <tb><SEP>Object plane<SEP> INFINITY <SEP>- 
1000.00 <lb><SEP>KSEP> INFINITY (Stop) <tb><SEP>2<SEP>ASSl fccir& <SEP><SEP>{1) 
<SEP>1.5254<SEP>56.2 <tb><SEP>3<SEP>FFSl &cir& (RE)<SEP><SEP>(2)<SEP>1.5254<SEP>56.2 
<tb><S£P>4<SEP>ASS1 &cir& {RE)<SEP><SEP>(1)<SEP>1 .5254<SEP>56.2 <tb><5£P>5<SEP>FFS2 
acirS <SEP><SEP>(3) <tb><SEP>6<SEP>FFS3 &cir& (RE)<SEP><SEP>(4) 
<tb><SEP>7<SEP>1 0.00<SEP><=SEP>(5)«=SEP>1 7400<:SEP>4S.O <tb><S£P>8<SEP>- 
30.00<SEP><SEP>(6)<SEP>1.4675<SEF>70,2 <tb><5EP>9-=SEP>2D.00<SEP><SEP>{7) 
<tb><SEP>lmage plane<SEP> INFINITY <SEP><SEP>(8) 

ASS1 &cir& R -755.72 K 0.0000 A -3.0223x1O<«6> 8 3.69B2x10<-9> 

FFS1 &cn& C4 -1.3291x10<-2> C6 -9.1 362x1 0<~3> CB 1.3010x1D<-5* C10 -4.7998x1 0<-5> C11 
3.B631x10«:-B> C13 1 ,23BBx10<-G> C1 5 -1 7367x1 0<-6> C17 4.1889x1 D<«7> C1 9 3.34 50x1 0<-8> C21 
1.5434x10<=-8> 
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FFS2 &cir& C4 ~4.9441x1D<~2> C5 5.0481 x10<-2> C8 -1 .8555x1 0<~3> C10 1 .1887x1 0<-3> G 11 - 
1.0276x10<~3> C1 3 2.6209x1 0<-3> C15 1 .5500x1 0<~4> 

FFS3 &cfr& C4 2.1 838x1 0<~2> C6 2.0822x1 Q<~2> C8 1 .5599x1 0<-4:> C10 2.2274x1 0<-5> C11 
1,7287xl0<=-5> C13 3.1039x10<-5> C15 1 7347x10<-5> 

Displacemen* and tilt(1 ) X 0.00 Y 1 5.24 Z 38.77 alpha 2.68 beta a. 00 gamma o,oo 

Displacement and tilt(2) X 0.00 Y 0.01 Z 47.98 alpha -29.39 beta 0.00 gamma 0.00 

Displacement and till(3) X 0.00 Y 22.36 Z 42.21 alpha 83.11 beta 0.00 gamma 0.00 

Displacement and tilt{4) X 0 00 Y 38.88 Z 54.46 alpha -145.16 beta 0.00 gamma 0.00 

Displacement and tilt{5) X 0 00 Y 32.00 Z 34,24 alpha 0.00 beta 0.00 gamma 0.00 

Displacement and ti!t<6) X 0.00 Y 32,00 Z 33.17 alpha Q.00 beta 0 00 gamma a.00 

Displacement and tiM(7) X 0.0Q Y 32.00 Z 30.4B alpha 0.00 beta 0,00 gamma 0.00 

Displacement and tiH(8) X 0.00 Y 32,00 Z 28.00 a^pha 0.00 beta 0.00 gamma 0.00 <lb><fTABLE> 
<tb><TABLE> Columns=6 <tb>Titie: Example 25 <tb> <tt»Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <tb>Kead Col 3: Surface separation <tb=-Head Col 4; Displacement and tilt <tb>Mead 
Col 5; Refractive index <tb>Head Col 6: Abbe's No, <tb><S£P>Object<SEP> INFINITY <SEP>-1 000.00 
<tb><SEP>plane <ib><SEP>1<SEP> INFINITY (Stop) <tb><SEP>2<5EP>ASS1 &cir& <SEP><S£P>(1) 
<SEP*1.5254<SEP>56.2 <=tb=><SEP>3<SEP>FFS1 &cif& {RE)<SEP><SEP>(2)<SEP>1 .5254<SEP>56.2 
<tb><5£F>4<SEP>ASSl fidrS. (RE)<SEP><SEP>(1)<SEP>1,5254<SEP>56.2 <tb><SEP>5<SEP>FF32 
&cir& <SEP><SEP>(3) <tb><SEP>6<SEP>FFS3 fccirS (RE)<SEP><SEP>{4) <tb><SEP=>7<SEP>FFS4 
&cir& (RE)<SEP><SEP>(5) <tb><SEP>lmage plane<SEP> INFINITY <SEP><SEP>{6) 

ASS1 &dr& R -142.30 K 0.0000 A -7.3459x1 0<~6> 8 4.5193x10<-9> 

FFS1 &cir&C4-1. 5782x1 0<-2> C6 -9.2595x1 0<~3> CS 8.4720x1 0<-5> C10 4.5249x1 0<-5> C11 

1. 0802x1 D<-5> C1 3 -8.7497x1 0<-5> C1 5 -4.4525 X 10<-6> C17 -5,8969x1 0<-8> C19 1.B76G x 10<-7> C21 

T2837x1 G<-7> 

FFS2 &cir& C4 -4,8446x1 Q<-2=- C6 -8,3829x1 0<-3> 

FFS3 &cir&C4 1 .6543x1 0<~2> C6 9.5400x1 0<-3> CB -1 .0953x1 G<~4> C10 -1 .8587x1 0<-5> C11 5.3062 
x10<-6> C13 7.9992 x 10<-6> C15 5,7816x1 0<^6> 

FFS4 &cjr& C4 »4.2215x10<-3> C6 1,0692x10<-2> C8 -3.6836x1 0<-4> C10 -2.5259x1 0<-4> C11 
5. 9277x1 0<-6> C 1 3 -1 . 35 1 6x1 0<-5> C 1 5 *7.8520x 1 0<*6> 

Displacement and HH(1) X 0.00 Y 11 .67 2 32.96 alpha -1.41 beta 0.00 gamma 0.00 

Displacement and tilt(2) X 0.00 Y -0.45 Z 40.56 alpha -30.45 beta 0.00 gamma 0.00 

Displacement and tilt(3) X 0.00 Y 18.56 Z 37.77 alpha 33.95 beta 0.00 gamma O.00 

Displacement and tiU{4) X 0.00 Y 43,39 Z 48.16 afpha -135.03 beta 0.00 gamma 0.00 

Displacement and tllt(5} X 0.00 Y 36.28 Z 31 .09 alpha 6.39 beta 0.00 gamma 0,00 

Displacement and illt(6) X 0.00 Y 32.00 Z 55.72 alpha 0.00 beta 0.00 gamma 0.00 <tb></TABLE> 
<tb><TA8LE> Columns=6 <b>Title: Example 26 <tb> <tb>Head Co) 1: Surface No. <tb>Head Col 2: 
Radius of curvature <tb>Head Col 3; Surface separation <tb>Head Col 4: Displacement and tilt <tb>Head 
Col 5: Refractive index <tb>Head Col 6: Abbe's No. <tb><S£P>Object ptene<5EP> INFINITY <SEP>- 
1000.00 <tb><SEP^1<SEP> INFINITY {Stop) <lb><SEP>2<SEP>FFSl &cir& <SEP><SEP>(1) 
<SEP>1.5254<SEP>S6.2 <tb><SEP>3<SEP>FFS2 &cir& {RE)<SEP><5EP>(2)<SEP>1.52S4<SEP>56,2 
<tb><SEP>4<SEP>FFS3 &cir& <SEP><SEP>(3) <tb><SEP>5<S£P>FFS4 &cir& <SEP><SEP>(4) 
<SEP>1.5254<SEP>56.2 <tb><SEP>6<SEP>FFS5 &cir& {RE)<SEP><SEP>(5)cSEP>1.52S4<SEP>56.2 
<lb><SEP>7<SEP>FFS6 &cU& <SEP><SEP>(6) <=tb><SEP>lmage plane<SEP> INFINITY <SEP><SEP> 
(7) 

FFS1 &cir& C4 -6.2629x1 0<^3> C6 3.3796x1 0<*4=- C8 3.9666x1 0<-4> C10 -1.258 1x10<~4> C1 1 
2.615Bx10<-6> C13 3.2906x10<-5> C15 1. 4501x1 Q<~6> 

FFS2 &cir& C4 -1,3276x10<-2> C6 -9.4693x1 0<-3> C8 -8.4725x1 0<-5> C10 -1 .3499x1 0<-4> C11 - 
2.9102x10<-6> C13 -2.Q1 12x10<-6> C15 -2.4589x1 0<-6> C17 -4,4244x1 0<:-9> C19 -4.8328x1 0<=-8> C21 - 
1.8143x10<-6> 

FFS3 &cir& C4 -2.1469x10<-2> C6 -3.3594x1 0<^2=> C8 -1 6179x10<-3> C10 -3.2678x1 0<-3=> C1 1 - 
7.9899x10<-5> C1 3 -1.7505x1 0<-4> C15 -3.5647x10<-4> 

FFS4 &cir& C4 -1.1648x10<-1> C6 -4.0332x10<~2> C8 -1 ,1348x10<-3> C10 1. 9930x1 0<-3> C1 1 
8,3579x10<-4> C13 8.0595x10<-4> C15 9.9925x1Q<-4> 

FFS5 &cir& C4 1 .9541x10<-2> C6 1.6255x10<»2> CB -1,051 6x1 0<-5> C10 -5.5991x1 0<=-5* C11 
4.5526x1 0<-6> C13 1.2743 x 10<-5> C15 3.8394xl0-<6> 

FFS6 &cir& C4 1, 9172x1 0<-2> C5 3,2175x10<~2> C11 9.6401x1 0<-5> C13 -2.6951x1G<-5=> C15 - 
1. 6440x1 0<-4> 

Displacement and tilt(1 ) X 0.00 Y 0.00 Z 32.45 alpha -13.66 beta 0.00 gamma 0.00 
Displacement and tilt(2) X 0.00 Y -1.36 Z 48 79 alpha -33.83 beta 0,00 gamma 0,00 
Displacement and ti|i{3) X 0.00 Y 1270 2 41 .59 alpha -50.46 beta 0.00 gamma 0.00 
Displacement and tilt(4) X 0.00 Y 19.62 Z 39.02 alpha -65.04 beta 0.00 gamma 0.00 
Displacement and tilt(5} X 0.00 Y 42,00 Z 30.00 alpha -44.81 beta 0.00 gamma 0.00 
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Displacement and ti1l(6) X 0.00 Y 32.00 Z 45.53 alpha 0.00 beta 0.00 gamma 0.00 

Displacement and tiU(7) X 0.00 Y 32.DG Z 53.23 alpha 0.00 beta O.OG gamma 0.00 <tb><n*ABLE> 
<tb><TABL£> Co!umns=6 <=lb> Title: Example 27 <tb> <tb>Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <tb>Head Col 3: Surface separation <tb>Head Co! 4: Displacement and tilt <lb>Head 
Col 5: Refractive index <tb>Head Col 6: Abbe's No. «=tb><SEF>Object I plane<SEP> INFINITY ^SEP>- 
1000.00 <tb><SEP>1<SEP> INFINITY (Stop) <tb><SEP>2<SEP>ASS1 &cir& <SEP><S£P>(1) 
<SEP>1.5254<SEP>56.2 2 <tb><SEP>3<SEP>FFS1 ScirS (RE)<SEP><SEP>(2}<SEP>1 .5254<SEP>56.2 
<lb><SEP>4<SEP>ASS1 ScirS (RE)<SEP><SEP>(1)<SEP>1 .5254<SEP>56,2 <tb><SEP>5<5EP>FFSl 
&cir& (RE)<SEP><=SEP>[2)<SEP>1,5254<SEP>56.2 <tb><SEP>6<SEP>FFS2 &cir& <SEP=><S£P>(3) 
<tb><SEP>7<SEP>FFS3 &cir& <SEP><SEP>(4)<SEP>1 ,5254<SEP>56.2 <tb><SEP>B<SEP>FFS4 &cir& 
(RE)<SEP=kSEP>(5)<5EP>1.5254<SEP>56.2 <tb><SEP>9<SEP>FFS5 &cir& <SEP><SEP>{6) 
<tb><5EP>lmage plane<SEP> INFINITY <5EP><S£P>(7) 

ASS1 &ar& R -109.37 K 0.GD00 A 2.7422x10<-5> B -4.1 869x1 0<-B> 

FFS1 &cir£C4 -1.1 126x1 Q<-2> C6 -1.0227x1 0<-2> CB -6,05BBx10<-5> C1 0 -3.031 8x1 0<-S> C11 
7,9055X1 G<»6> C13 1 .1 1 D5x1 0<-S* C15 1 0604xlO<-6> C17 2.8597x10<-7> C1 9 1.5498x1 0<-7> C21 
1. 4283x1 G<-7> 

FFS2 &cir& C4 3.6670x1 0<-2> CB 3.5702x1 0<-2> CB -2.01 05x1 0<~2> C10 -9.8201 x10<-3> C11 
21010x1 0*»3> C13 -1. 9983x1 0<-3> C13 9.8B27x1Q<-4> 

FFS3 &cir& C4 -1,0254x1 0<-1> C6 -2,5575x1 G<~2> C8 -2.0239x1 0<~2> CIO -5.8721x1 0<-3> C1 1 
1,0962x10<»3> C13-3.33B1x10<-3> 01 5 4.781 5x1G<-4> 

FFS4 &cir& C4 2.32B7x10<-2> C6 1.B127x10<-2> C8 -4.0703x10<~4> C10 ^4676x1 0<-4> C11 
1 ,9470x10<-5> C13 3.1 178x10<~5> C15 ~3.0929x1G^7> 

FFS5 &cir& C4 -1. 9980x1 G<-2> C6 -1 ,9644x1 0<-2> C1 1 1 .8913x1 0<-4> C13 4.0095x1 0<*4> C1 5 
5.1 524X1 0*-4> 

Displacement and tilt(1) X 0.00 Y 6.56 Z 32.12 alpha -2.57 beta 0.00 gamma 0.00 

Displacement and tilt(2) X 0.00 Y -019 Z 38.74 alpha -23.S4 beta 0.00 gamma 0.00 

Displacement and tilt(3) X 0.00 Y 20.79 Z 39.32 alpha -71 .99 beta 0.00 gamma O,0D 

Displacement and tllt(4) X 0.00 Y 21 .54 Z 38.60 alpha -84.73 beta 0.00 gamma 0.00 

Displacement and tilt(5) X 0.00 Y 36.81 2 30.00 alpha -35.69 beta 0,00 gamma 0.00 

Displacement and tilt(6) X 0.00 Y 32.00 Z 44.11 alpha D.OO beta 0.00 gamma G.00 

Displacement and tilt{7) X 0.00 Y 32.00 Z 50.34 alpha O.OG beta 0.00 gamma 0.00 <tb></TABLE> 
<:tb><TABLE> Cotumns=6 <tb>Title: Example 28 <tb> <tb>Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <tb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and till <tb>Head 
Col 5: Refractive index <tb>Head Col 6; Abbe' S No. <lb><SEP>Object ptane<SEF> INFINITY <SEP>- 
100G.DD <tb><SEP>1<SEP> INFINITY (Slop) <tb><SEP>2<SEP>FFS1 &cir& <SEP><SEP>{1) 
<SEP>1.5254<SEP>56.2 <tb><SEP>3<SEP>FFS2 &cir& (RE)<SEP><:5EP>{2)<SEP>1,5254<5EP>56.2 
<tb><SEP>4<SEP>FFS3 &cir& (RE)<S£P><SEF=»(3}<S£P>1.5254<SEP>55,2 <tb><SEP>S<SEP>FFS4 
Scirfi. <SEP><SEP>{4) <lb><SEP>S<SEP>FFS5 &ctr& <SEP><SEP>(5)<SEP>1.5254<SEP>56.2 
<tb><SEP>7<SEP>FFS6 &cir& (RE)<SEP><SEP>(6)<SEP>1.5254<SEP>56.2 <tb><5EP>B<SEP>FFS7 
&cir& (RE)«SEP><SEP>(7)<SEP>1.5254<5EP>56.2 <lb><SEP>9<SEP>FFSB &cir& <SEP><SEP>{6) 
<tb>cSEP>lmage plane<SEP> INFINITY <SEP><SEP>(9) 

FFS1 &cir& C4 -8.4040x1 0<-3> C6 -8.5948x10<-3> 

FFS2 &cir& C4 -4.8109x1 0<-3> C6 -3.4151x1D<-3> C8 7.6983x1 0<-6> CIO 5.9S43x10*-6> 

FFS3 &Cir& C4 6.5504x1 0<~4> C6 2.0899x1 0<«3> CB 3.971 0x1 0c5> C10 1 .2427x1 G*-5> 

FFS4 &cir& C4 -4.1 338x1 0<=-3> C6 4.6863x1 0<=-3> 

FFS5 Scirfc 04 1.B94Bx10<-2> C6 7.81l2x10<-3> 

FFS6 &cir& C4 -2.9136x10<-3> C6 ^2.6792x1 D<-3> 

FFS7 &cir& C4 1.0G66xl0<-2> C6 1 .G913x10<-2> 

FFS8 &cir& C4 ^2.2044x1 0<~2> C6 -1.6909x1 0<~2> 

Displacement and titl(1) X 0.00 Y 0.00 Z 30.00 alpha 0.00 beta 0.00 gamma 0.00 

Displacement and tflt(2) X 0,00 Y 7.73 Z 66.05 alpha 18.69 beta 0.00 gamma 0.00 

Displacement and trlt(3) X 0.00 Y -17.85 Z 38.62 alpha 46.96 beta 0.00 gamma 0.00 

Displacement and tM(4) X 0.00 Y 20.71 Z 58.27 alpha 70.85 beta 0.00 gamma 0.00 

Displacement and Ult(5) X 0.00 Y 21.56 Z 58,79 alpha 72. 1B beta 0.00 gamma 0,00 

Displacement and tilt{6) X 0.00 Y 41.10 Z 68.55 alpha 46.38 beta 0.00 gamma O.00 

Displacement and ttlt{7) X 0,00 Y 28,64 Z 46,33 alpha 17.45 beta 0.00 gamma 0.00 

Displacement and tilt(B) X 0.00 Y 32.02 Z 71. 9B a^pha 0.00 beta 0.00 gamma 0.00 

Displacement and Ull{9) X 0.00 Y 32,00 Z 76.97 alpha 0.00 beta 0.00 gamma 0.00 «=tb></TA8LE> 
<tb><TABLE> Columns~6 <tb>Title: Example 29 <tb> db^Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <tb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and tilt <tb>Head 
Col 5: Refractive index <tb>Head Col 6: Abbe's No. <ib><SEP>Object plane<SEP> INFINITY <SEP>- 
1000.00 <tb><5EP>KSEP> INFINITY (Stop) <tb><S£P>2<SEP>ASSl &cir& <SEP><SEP>(1) 
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<SEP>1.52S4<SEP>S6.2 <lb><SEP>3<SEP=-FFSl &cira (RE)<SEP><SEP>(2)<SEP>1 .5254<SEP>56.2 
<tb><SEP>4<SEP>ASS1 &cir& (RE)<SEP><SEP>(1)<SEP>1.5254<SEP>S8,2 <tb><SEP>5<SEP>FFS2 
&cir& <SEP><SEP>{3) <lb><SEP>6<SEP>FFS3 &c*r& <SEP><SEP>(4)<SEP>1.5254<SEP>56.2 
<tb><SEP>7<SEP>FFS4 &ctr& {RE)<S£P><S£P>(5)<SEP>1.5254<SEP>56.2 <tb><SEP>8<SEP>FFS5 
&cir& <SEP><SEP>(6) <tb><SEP>lmage plane<SEP> INFINITY <SEP><S£P>(7} 

ASS1 &cir& R 1285,39 K 0.0000 A 6,4599x10<"7> B -37861x10<-10> 

FFS1 &cir&C4 -3.6795x1 0<-3> C6 -2.1319x1Q<-3> C8 -5.8405x10<-5> C10-6. S664x10<^5> C1 1 8. 
2431x10<-7> C13 1.4603x1Q<-6> C15 1 ,4571x1 0<-8> C17 -5.6374x1 0<-8> C19 -3.7292x10<-8> C21 - 
4.3730x1 0<-8* 

FFS2 &Cir& C4 -3.1489x1 0<-4> C6 5.2538x1 0<-3> C8 1. 2817x1 0<-3> C10 1 .2156x10<-3> C11 
5.1 327x1 0<-6> C13 -1 .0362x1 0<-5> C15 4,761 8x1 0<-5> 

F F S3 &cir& C4 -2.2969 x 10<=-3> CS -4. 7767x10<-4> C8 3.15S9x10<-4> C10 1.9939x1 0<M> C11 
4.1969x1Q<-7> C13 1, 3650x1 0<*5> C15 4.6817x10<-6> 

FFS4 &Cir& C4 2.2969x10<-3> C6 4.7767x1 0<-4> C8 -3.1569x1 Q<-4> C10 -1. 9939x1 0<-4> C1 1 - 
4. 1969x1 0<~7> C13 -1. 3650x1 D<~5> C15 -4.6817x1 0<-8> 

FFS5 &cir& C4 2.5793x10<-2> CG~4.2457x10<-3> C1 1 -4.8745x1 0<=-4> C1 3 -1,7443x1 0<-4> C15 - 
3,6717x10<-5> 

Displacement and li*t{1) X 0.00 Y 10.19 Z 29.40 alpha 7.35 beta 0.00 gamma 0.00 

Displacement and titt(2) X 0.00 Y -3.29 Z 36.33 alpha -25.35 beta 0.00 gamma 0.00 

Displacement and tilt(3) X O.OO Y 24.99 Z 36.53 alpha 82.49 beta 0.00 gamma 0.00 

Displacement and tili(4) X 0.00 Y 1 8.12 Z 7.32 alpha -18.71 beta 0.00 gamma 0.00 

Displacement and tili{5) X 0.00 Y 18.12 Z -7.32 alpha 18,71 beta 0.00 gamma 0,00 

Displacement and tilt{6} X 0.00 Y 24.00 Z 0.00 alpha 90.00 beta 0.00 gamma 0.00 

Displacement and tilt(7) X 0.00 Y 0.00 Z 1 .73 alpha O.GO beta 0.00 gamma 0.00 <tb></TABLE> 
<tb><TABLE> Columns=6 <tb>Tit!e: Example 30 <tb> <tb>Head Col 1: Surface No. <tb>Head Col 2: 
Radius of curvature <=lb>Head Col 3: Surface separation <tb>Head Col 4: Displacement and m <tb>Head 
Col 5; Refractive index <tb>Head Col 6: Abbe's No. <tb><SEP>Object plane<SEP> INFINITY <SEP>- 
1000.00 <tb><SEP>1<SEP> INFINITY (Stop) <tb><SEP>2<SEP>ASS1 &cir& <SEP><SEP>(1) 
<SEP>1.5254<SEP>56.2 <tb><SEP>3<SEP>FFSl &cir& (RE)<SEP><SEP>(2)<SEP>1.5254<SEP>56,2 
<tb><SEP>4<SEP>ASS1 &cir& (RE)<SEP><SEP>(1)<SEP>1.52S4<SEP>56,2 <tb><3EP>5<SEP>FFS2 
Scirfc <SEP><SEP>(3) <lb><SEP>6<=SEP>FFS3 &dr& <=SEP><SEP>(4)<SEP>1 .5254<SEP>56.2 
<tb><SEP>7<SEP>FFS4 &cir& <RE)<SEP><S£P>(5)<S£P>1.5254<SEP>56.2 <tb><SEP>8<5EP^FFS5 
&cir& <SEP><SEP>(6) <tb><3EP>lmage plane<SEP> INFINITY <SEP><SEP>(7) 

ASS1 ScirS, R 368.58 K 0 0000 A 7.6S41x10<-7> B -3.5756x1 0<-1 1> 

FFS1 &cir& C4 -2.7696x1 0<-3> C6 -t. 4546x1 0<-3> C8 -5.7608x1 0<=-5> C10 -9.2334x1 Q<-5> C11 
5.8163x1 0<-7> C13 3.5074x1 0<-6> C1S 2.21 52x1 0<«6> C17 -1,8054 X 10<-7> C19 -1.1 334x1 0<-7> C21 - 
1.0782x1 0<-7> 

FFS2 &cir& C4 3.3609x1 0*M> C6 8.41 79x1 0<-2> C8 -3,1419x10<~5> C10 3H2Sx10<~3> C11 
3.4030x1 0<-5> C13 -1 .1634x1 0<-4> C15 3.9570x1 0<-5> 

FFS3 &cir& C4 -3.7622x1 0<-3> C6 -3.6532x1 0<-3> C8 1.5526x1 0<»4> C10 -5.4 887x1 0<-6> C11 - 
7.4035x1 0<-6> C13 1, 0763x1 0<-5> C1 5 -6.6288 x 10<-7> 

FFS4 &ctr& C4 3.7622x1 0<-3> C6 3,6532x1 0<-3> C5 -1.5525x10<~4> C10 5.4887x1 0<-6> C11 
7.4035x10<-6> C13-1.0763x10<-5> C15 6.628Bx10<-7> 

FFS5 &cir& C4 2.8169x10<~2> C6 4.5388x1 0<-4> C11 -4.5848x1 0<-4> C13 -8.7689 x10<«5> C15 ^8 8053 
XlQ<-6> 

Displacement and tilt{1) X 0.00 Y 17,47 Z 30.07 alpha -1.32 beta 0.00 gamma 0,00 

DispSacemen! and tf|t(2) X 0.00 Y 0.39 Z 38,40 alpha -28.76 beta 0 00 gamma 0,00 

Displacement and Ult{3) X 0.00 Y 30,09 Z 31 .35 alpha 36.81 beta 0.00 gamma 0.00 

Displacement and tiifc(4) X 0.00 Y 19.88 Z 6 67 alpha -15.86 beta 0,00 gamma 0.00 

Displacement and lilt{5) X Q.00 Y. 19,68 Z -6.67 alpha 15.86 beta 0,00 gamma 0.00 

Displacement and U1t{6) X 0.00 Y 29.00 Z 0.00 alpha 90.00 beta 0.00 gamma 0 00 

Displacement and iiU{7) X 0.00 Y 0.00 Z 1.82 alpha 0,00 beta 0.00 gamma 0.00 <tb></TAQLE> 

[0154] Figs. 34, 35, 36, 37 and 38 are aberrational diagrams showing lateral aberrations in tha above- 
described Examples 15, 20, 22, 29 and 30. In the diagrams showing lateral aberrations, the numerals in the 
parentheses denote (horizontal field angle, vertical field angle), and lateral aberrations at the Held angles 
are shown. 

[01 55] It should be noted that trie values of the conditions (4) and (6), which will be described later h in the 
above-described Examples 16 to 28 are as Follows: <lb><TA8LE> Columns=3 <tb> <tb>Head Col 1; 
<tb>Head Col 2; Condition (4) &thetas;1{<o>) <tb>Head Col 3: Condition (6) SIGMA D1(mm) <tb>Example 
16<SEP>22,5<SEP>119.4 <b>Example 17<SEP>41 0<S£P>57,7 <tb>Example 18<SEP>37.2<S£P>62.5 
<tb>Exampie 19<SEP>22.0<SEP>33.4 <tb>Example 20<SEP>26.1 <SEP>99.4 <tb>Example 
21<SEP>18.8<SEP>92.7 <tb>Example 22<SEP>25.6<SEP>95.7 <tb>Example 23<SEP>41.2«SEP>58.3 
<tb>Example 24<SEP>35.6<SEP>50.1 <tb>Example 25<SEP>22.7<SEP>70.4 <tb=>Example 
26<SEP>20.4<SEP>78.5 <tb>£xample 27<SEP>43.8<SEF>55.2 <tb>Example 28<SEP>31 .2<SEP>1 17.5 
<tb><:yTABLE> 
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[01 5G] Next, the values concerning the conditions (1) to (3) in the above-described Examples 29 and 30 are 
as follows: <:tb><TABLE> Columns-4 <tb> <tb>Head Col 1: <lb>Head Col 2: <tb>Head Col 3: Example 29 
<tb>Head Col -4: Example 30 <tb>Condltion (1)<SEP> alpha <SEP>43 DEG </=a</=54 DEG <SEP>43 
DEG </=a</=58 DEG <tb>Condiiion (2)<S£P> bets <SEP>19 DEG <SEP>1B DEG <tb>Condition (3) 
<SEP>D<SEP>27.5 mm<:SEP>31 mm <tb><5£P>L<SEP>72 mm<SEP>72 mm 
<tb><SEP>D/L«=SEP>0 38<SEP>0.43 <tb><^TABLE> 

|0157] It should be noted that the free-form surfaces in the above-described Examples 16 to 30 may be 
replaced with spherical surfaces including plane surfaces, aspherical surfaces, anamorphic surfaces, or 
anamorphic aspherical surfaces. 

[01 5B] Regarding the optical system of the image display apparatus according to the present invention as 
stated above, when a ray passing through the center of the image displayed by the image display device 3 
and further passing through the center of a right-hand pupil 4R formed by the ocular prism 2R for the right 
eye is defined as a right-hand optical axis, and a ray passing through the center of the image displayed by 
the image display device 3 and further passing through the center of a left-hand pupil 4L formed by the 
ocular prism 2L for the left eye is defined as a left-hand optical axis, it is desirable to satisfy the following 
condition; B {4) ,+ 10 DEG <&thetas;1<60 DEG where &thetas;1 is the absolute value of the angle formed 
between each of the right-hand optical axis and the left-hand optical axis, which enter the ocular prism 2R 
for the right eye and the ocular prism 21 for the left eye from the optical path distributing mirror 1 or the 
optical path distributing prism 10, and the display surface of the image display device 3. 

[0159] The condition (4) limits the angle farmed between the axial principal ray entering the ocular prisms 
2R and 2L from the optical path distributing means, which comprises the optical path distributing mirror 1 or 
She optical path distributing prism 10, and the image display device 3. 

[D160] !f &thelas;1 is no! larger than the lower limit of the above condition (4), i.e. 10 DEG . the axial 
principal ray entering the ocular prisms from the optical path distributing means undesirably forms an optical 
path approximately parallel to the image display device, Consequently, it becomes difficult to ensure the left 
and right optical paths. Accordingly, It becomes necessary to use a half-mirror in order to distribute the 
optical path from a single image display device, e.g. an LCD, to the teft and right ocular prisms. The use of a 
half-mirror results in an unfavorably dark image. If &thetas;1 is not smaller than the upper limit of the 
condition (4), i.e. 60 DEG , it is necessary to tilt each ocular prism to a considerable extent or to increase 
the size of the prism itself. Consequently, it becomes impossible to attain a compact and lightweight optical 
system. 

[0161] It is more desirable for the above condition to be the following condition (5): "(5)" 15 DEG 
<&thetas;1<5D DEG 

[0162] If the angle &thetas;1 is within the range defined by the above condition, It is possible to attain a 
further reduction in size Df the apparatus white ensuring the left and right optical paths, 

[01631 Further, when the distance from the image display device 3 to each of the entrance surface 21 R of 
the ocular prism 2R for the right eye and the entrance surface 21 L Df the ocular prism 2L for the left eye 
along the optical axis is denoted by SIGMA D1, it is desirable to satisfy the following condition: 20 mm< 
SIGMA DK150 mm 

[0164] The above condition (6) is a condition for attaining a reduction in size of the apparatus, which defines 
the optical path length of the axial principal ray from the image display device 3 to each of the ocular prisms 
2R and 2L 

|016S] If SIGMA D1 is not larger than the lower limit of the above condition (6), i.e. 20 mm, the power of 
each surface of the optical path distributing means becomes extremely strong. Consequently, it becomes 
impossible to favorably correct decentration aberrations, particularly decentration comatic aberration. In 
addition, the angte between the image display device 3 and the rays (principal ray tilt angle) becomes 
extremely large, which is unfavorable. If SIGMA D1 is not smaller than the upper limit of the condition (6), 
i.e. 150 mm, the optical path distributing means becomes large in size and projects to a considerable extent 
in comparison to the ocutar prisms, unfavorably. 

[D166] It is more desirable for the above condition to be the following condition (7): "{7)" 30 mm< SIGMA 
D1<130 mm 

[0167] If SIGMA D1 is within the range defined by the above condition, it is possible to attain a further 
reduction in size of the apparatus while maintaining the favorable performance. 

[016B] It is even more desirable for the above condition to be the following condition (8): *{B)" 45 
mm<EDl<120 mm 

[0169] If SIGMA D1 is within the range defined by the above condition, it is possible to attain a further 
reduction in size of the apparatus while maintaining the favorable performance. 

[0170] In the above-described optical system of the image display apparatus according to the present 
invention, it is possible to perform see-through observation of the outside world by bonding, as shown for 
example in Fig. 39, compensating prisms 16L and 16R to the reflecting surfaces 23L and 23R (In the case 
of Fig, 26, the reflecting surfaces 22L and 22R; in the case of Fig, 27, 22L, 22R, 24R and 24R; and in the 
case of Fig. 28, 23L and 23R) of the decentered prism members 2L and 2R for the left and right eyes on the 
outside-world sides thereof (on the sides thereof remote from the observer's face) or placing the 
compensating prisms 16L and 16R at a slight distance from the reflecting surfaces 23L and 23R as half- 
mirror surfaces for compensating for bending of the optical paths and further forming the outside world-side 
surfaces 17L and 17R of the compensating prisms 16L and 16R so that the surfaces 17L and 17R have 
approximately the same configurations as those of the observer's face-side transmitting surfaces 24 L and 
24R, respectively (in the case of Fig. 26. the transmitting surfaces 23L and 23R; in the case of Fig. 27, 25L 
and 25R; and in the case of Fig. 2B, 24L and 24R) of the decentered prism members 2L and 2R for the left 
and right eyes, thereby allowing light from the outside world to pass approximately in straight lines, in this 
case, superimposing function or see-through function can be added by pacing means tor changing the 
transmittance of light from the outside world, e.g. a liquid crystal shutter, on the outside world side of the 
compensating prisms 16L and 16R. 

10171] In the present invention, a transmission type or reflection type LCD (liquid crystal display device) can 
be used as the image display device 3, as stated above. However, the use of a seif-emisston type panel 
makes it possible to simplify the structure and hence possible to construct a lightweight image display 
apparatus. The use of an LCD as the image display device 3 involves the problem that an illuminating Hght 
source, e.g. a backlight, is needed, and the problem that an LCD invariably needs a polarizer, and only a 
half of illuminating light can be used for display. 
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(01 72] Therefore, it is deskable to use a setf-ernission type panel {display) Examples of self-emission 
panels include OLEDs (Organic Light EmMting Diodes), LEDs (Light Emitting Diodes), and an EL 
(Electroluminescence) panel having a structure such as that itlustrated in Fig. 40. 

[0173] Fig. 40 shows the structure of an organic Ei comprising three layers. An organic EL layer comprising 
three layers, i.e. a hole injection layer, an organic EL layer, and an electron infection layer, is sandwiched 
between pixe^ electrodes provided on an Si substrate and having a switching element placed for each pixel 
and an ITO film provided on the lower surface of a glass substrate as a common electrode. When a voltage 
is applied between the ITO film and the pixel electrodes by the action of the switching elements, holes are 
injected into the organic £L layer from the hole injection layer and electrons are injected into the organic EL 
layer from the electron injection layer. The holes and the electrons recombine in the organic EL layer, 
causing the portions of the organic EL layer corresponding to the pixels to emit light Thus t the desired 
image is displayed. 

10174] The advantage of the use of such a light-emission type display in the image display apparatus lies in 
its excellent viewing angte characteristics, fn particular, in a head-mounted image display apparatus (HMD) 
designed for observation with two eyes, the pupils of the optical systems and the observer's pupils may be 
displaced with respect to each other owing to a difference in interpupiirary distance among observers or 
displacement of the HMD body. In order to prevent the image for observation from darkening even when the 
observers pupils are displaced, it is important to make the pupils of the optical systems free from 
aberrations over a wide range. Even if the opto! systems are designed so that the pupils are widened, 
when the pupils are displaced, the observer is placed under conditions where he or she views the image 
display device obliquely through the ocular optical systems. In general, image display devices using LCD 
are inferior in viewing angle characteristics when viewed obliquely. That is, it is possible to view only an 
image for observation that is reduced in contrast or undesirably tone-reversed. Accordingly, the brightness 
and contrast of the image field undesirably vary according to the fitting position of the HMD, and it is difficult 
to view the image with stable image quality. With a Jight-emission type image display device, such problems 
are unlikely to occur, and it is therefore favorable for use as an image display device for an HMD. 

[0175] Incidentally, it is possible to form a stationary or portable image display apparatus by preparing and 
supporting one set of image display apparatus according to the present invention arranged as stated above. 
Fig. 41 snows the smage display apparatus. In Fig. 41, reference numeral 31 denotes a display apparatus 
body unit, which is fixed by a support member through the observer's head so that the display apparatus 
body unit 31 is held in front of both the observer's eyes. The support member has a pair of front frames 32 
(left and right) each joined at one end thereof to the display apparatus body unit 31. The left and right front 
frames 32 extend from the observer's temples to the upper portions of his/her ears, respectively. A pair of 
fear frames 33 (left and right) are joined to the other ends of the front frames 32, respectively, and extend 
over the side portions of the observer's head. Alternatively, the support member further has a top frame 34 
joined at both ends thereof to the other ends of the left and right rear frames 33, respectively, so that the top 
frame 34 supports the top of the observer's head. 

[0176] A rear plate 35 is joined to one front frame 32 near the joint to the rear frame 33. The rear plate 35 is 
formed from an elastic member, e.g. a metal leaf spring. A rear cover 36, which constitutes a part of the 
support member, is joined to the rear plate 35 so that the rear cover 36 can support the apparatus at a 
position behind the observer's ear in a region extending from the back part of the head to the base of the 
neck. A speaker 39 is mounted mside the rear plate 35 or the rear cover 36 at a position corresponding to 
the observer's ear. 

[0177] A cable 41 for transmitting external image and sound signals is led out from the display apparatus 
body unit 31. The cable 41 extends through the top frame 34, the rear frames 33, the front frames 32 and 
the rear plate 35 and projects to the outside from the rear end of the rear plate 35 or the rear cover 36. The 
cable 41 is connected to a video-replaying unit 40. It should be noted that reference numeral 40a in the 
figure denotes a switch and volume control part of the video-replaying unit 40. 

[0179] The cable 41 may have a jack and plug arrangement attached to the distal end thereof so that the 
cable 41 can be connected to an existing video deck or the like. The cable 41 may also be connected to a 
TV signal-receiving tuner so as to enable the user to enjoy watching TV. Alternatively, the cable 41 may be 
connected to a computer to receive computer graphic images or message images or the like from the 
computer. To eliminate the bothersome cord T the apparatus may be arranged to receive external radio 
signals through an antenna connected thereto. 

INDUSTRIAL APPLICABILITY 

|0179J As will be clear from the foregoing description, it is possible according to the present invention to 
provide an image disptay apparatus, e.g. a head-mounted image display apparatus, in which an image from 
a single image display device is led to two eyes without using a half-mirror, thereby allowing observation of 
a bright image, and in which an optical path distributing mirror or an optical path distributing prism placed at 
the middle between the two eyes facilitates the correction of various aberrations. In addition, it is possible to 
obtain an illuminating arrangement which is the most suitable for observation of a single panel with two eyes 
and which can be used without the need to switch the display image for the left and righl 
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IMAGE DISPLAY 

The EPO does not accept any responsibility for the accuracy of data and information originating from other 
authorities than the EPO; in particular, the EPO does not guarantee that they are complete, up-to-date or fU 
for specific purposes. 

Claims of corresponding document: EP 1186933 (A1) 

1 h An image display apparatus comprising an image display device for displaying an image to be observed 
by an observer, an optica! path distributing mirror for distributing said image to an optical path for a right eye 
and an optical path for a left eye, an ocular prism far ihe right eye that is placed on a right-hand side of said 
optical path distributing mirror, and an. ocular prism for the left eye that is piaced on a left-hand side of said 
opUcal path distributing mirror, said optical path distributing mirror having a mirror surface placed to face 
said image display device to reflect a display light beam emanating from said image display device so as to 
distribute the display light beam to said ocular prism for the right eye and said prism for ihe teft eye, said 
mirror surface having a rotaliona!1y asymmetric curved surface configuration that corrects decentration 
aberrations, said ocular prism for the right eye having a first surface through which the light beam of the 
optical path for the right eye reflected by said optical path distributing mirror enters the prism, a second 
surface which reflects the light beam of the optical path far the right eye within the prism, and a third surface 
through which the light beam of the optical path for the right eye exits from the prism, said ocular prism for 
the left eye having a first surface through which Ihe light beam of the optical path for the left eye reflected by 
said optical path distributing mirror enters the prism, a second surface which reflects the light beam of the 
optical path for the left eye within the prism, and a third surface through which the light beam of the optical 
path for the left eye exits from the prism, wherein at least the second surface of said ocular prism for the 
right eye, which is a reflecting surface, and the second surface of said ocular prism for the left eye, which is 
a reflecting surface, have a rotationally asymmetric curved surface configuration that corrects decentration 
aberrations. 

2. An image display apparatus according to claim 1, wherein the rotational asymmetric curved surface 
configuration of said optical path distributing mirror is a free-form surface having only one plane of 
symmetry. 

3. An image display apparatus according to claim 2 t wherein the free-form surface of said optical path 
distributing mirror has said only one plane of symmetry in a plane (YZ-plane) connecting a center of the 
image displayed by said image display device and a center of a right-hand pupil formed by said ocular prism 
for the right eye and further a center of a left-hand pupil formed by said ocular prism for the left eye. 

4. An image display apparatus according to any one of claims 1 to 3, wherein said image display device is 
placed between said optical path distributing mirror and said observer in a longitudinal direction (2-direction) 
and between said ocular prism for the right eye and said ocular prism for the left eye in a lateral direction re- 
direction}, 

5. An image display apparatus according to any one of claims 1 to 3, wherein a negative lens that gives a 
negative power to a light beam is placed between said image display device and said optical path 
distributing mirror. 

6. An image display apparatus according to any one of claims 1 to 3, wherein said ocular prism for the right 
eye is arranged so that a light beam exiting from said optical path distributing mirror and entering the prism 
through said first surface is made incident on said third surface at an angle larger than a total reflection 
critical angle so as to be reflected toward said second surface within the prism by total reflection, and the 
light beam reflected from said second surface is made incident on said third surface at an angle smaller 
than the total reflection critical angle so as to pass through said third surface to exit from the prism, and 
wherein said ocular prism far the left eye is arranged so that a light beam exiting from said optical path 
distributing mirror and entering the prism through said first surface is made Incident on said third surface at 
an angle larger than a total reflection critical angle so as to be reflected toward said second surface within 
the prism by total reflection, and the light beam reflected from said second surface is made incident on said 
third surface at an angle smaller than the total reflection critical angle so as to pass through said third 
surface to exit from the prism. 

7. An image display apparatus according to any one of claims 1 to 3, wherein said first surface of said 
ocular prism for the right eye has a rotationally asymmetric curved surface configuration that corrects 
decentration aberrations, and wherein said first surface of said ocular prism for the left eye has a rotationally 
asymmetric curved surface configuration that corrects decentration aberrations. 

8. An image display apparatus according to claim 7, wherein the rotationally asymmetric curved surface 
configuration of said first surface of said ocular prism for the right eye is a free-form surface having only one 
plane of symmetry, and wherein the rotationally asymmetric curved surface configuration of said first 
surface of said ocular prism for the left eye is a free-form surface having only one plane of symmetry. 

9. An image display apparatus according to claim 8, wherein when a %ht ray passing through a center of 
the image displayed by said image display device and further passing through a center of a right-hand pupil 
formed by said ocular pnsm for the right eye is defined as an optical axis, the free-form surface or said first 
surface of said ocular prism for the right eye has said only one plane of symmetry in a p^ane (YZ-plane) 
containing the optica! axis in a folded optical path within the prism, and wherein when a light ray passing 
through the center of the image displayed by said image display device and further passing through a 
center of a right-hand pupil formed by said ocular prism for the left eye is defined as an optical axis, the 
free-form surface of said first surface of said ocular prism far the left eye has said only one ptane of 
symmetry in a plane (YZ-plane) containing the optica! axis in a folded optical path within the prism. 

10. An image display apparatus according to any one of claims 1 to 3, wherein said third surface of said 
ocular prism for the right eye has a rotationally asymmetric curved surface configuration that corrects 
decentration aberrations, and wherein said third surface of said ocular prism for the left eye has a 
rotationally asymmetric curved surface configuration that corrects decentration aberrations. 

1 1 . An image dlsptay apparatus according to claim 10, wherein the rotationally asymmetric curved surface 
configuration of said third surface of said ocular prism for the right eye is a free-form surface having only 
one plane of symmetry, and wherein the rotationally asymmetric curved surface configuration of said third 
surface of said ocular prism for the left eye is a free-form surface having only one plane of symmetry. 

12. An image display apparatus according to claim 11, wherein when a light ray passing through a center of 
the image displayed by said image display device and further passing through a center of a right-hand pupit 
formed by said ocular prism for the right eye is defined as an optica! axis, the free-form surface of said third 
surface of said ocular prism for the right eye has said only one plane of symmetry in a plane (YZ-plane) 
containing the optical axis in a folded optical path within the prism, and wherein when a light ray passing 
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through Ihe center af the image displayed by said image display device and further passing through a 
center of a right-hand pupil formed by said acuiar prism for the left eye is defined as an opUcal axis, the 
free-form surface of said third surface of said ocular prism for the left eye has said only one plane of 
symmetry in a plane {YZ-plane) containing the optica! axis in a folded optical path within the prism. 

13. An image display apparatus according to any one of claims 1 to 3, wherein said third surface of said 
ocular prism for the right eye is a rotational symmetric aspherical surface, and wherein said third surface 
of said ocular prism for the left eye is a rotaUonalfy symmetric aspherical surface, 

14. An image dispfay apparatus comprising an image display device for displaying an image to be observed 
by an observer, an opticaf path distributing prism for distributing said image to an optical path for a right eye 
and an optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said 
optical path distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said 
optical path distributing prism, said optical path distributing prism having at {east a first surface placed to 
face said image display device so that a display light beam emanating from said image display device 
enters the pnsm through the first surface, a second-first surface which reflects said optical path for the right 
eye entering through said first surface, a second- second surface which reflects said optical path for the left 
eye entering through said first surface, a third-first surface through which the light beam of said optical path 
for the right eye exits from the prism, and a third-second surface through which the light beam of said 
optical path for the left eye exits from the prism, said optical path distributing prism being arranged so that at 
least said second-first surface and said second-second surface have a curved surface configuration that 
gives a power to a fight beam to form a relay image for the right eye from the image displayed by said 
image display device in said optical path for the right eye and to form a relay image for the teft eye from the 
image displayed by said image display device in said optical path for the left eye, and said second-first 
surface and said second-second surface have a same surface configuration, said ocular prism for the right 
eye having a first surface through which the light beam of the optical path for the right eye exiting from said 
third-first surface of said optical path distributing prism enters the prism, a second surface which reflects the 
light beam of the optical path for the right eye within the prism, and a third surface through which the tight 
beam of the optical path for the right eye exits from the prism, said ocular prism for the ieft eye having a first 
surface through which the light beam of the optical path for the feft eye exiting from said third-second 
surface of said optical path distributing prism enters the prism, a second surface which reflects the light 
beam of the optical path for the left eye within the prism, and a third surface through which the tight beam of 
the opticaf path for the left eye exits from the prism, wherein at least said second surface of said ocular 
prism for the right eye, which is a reflecting surface, and said second surface of said ocular prism for the left 
eye t which is a reflecting surface, have a rotationaily asymmetric curved surface configuration that corrects 
decentration aberrations. 

15. An image display apparatus according to claim 14 t wherein the third-first surface and third-second 
surface of said optical path distributing prism are curved surfaces of a same configuration. 

16. An image display apparatus according to claim 14 or 15, wherein the first surface, second-first surface, 
second-second surface, third-first surface and third-second surface of said optical path distributing prism 
form optical surfaces of the prism as surfaces which are independent of each other, and wherein the 
second-first surface, second-second surface, third-first surface and third-second surface of said optical path 
distributing prism have a rotationaliy asymmetric curved surface configuration that corrects decentration 
aberrations, 

17. An image display apparatus according to claim 1 S, wherein the curved surface configuration of the third- 
first surface and third-second surface of said optical path distributing prism is a rotational asymmetric 
curved surface configuration that corrects decentration aberrations. 

18. An image display apparatus according to claim 15, wherein the curved surface configuration of each of 
the second-first surface, second-second surface, third-first surface and third-second surface of said optical 
path distributing prism is a rotationaliy asymmetric curved surface configuration that corrects decentration 
aberrations. 

19. An image display apparatus according to any one of claims 15 to 18, wherein said image display device 
and said optical path distributing prism are placed to face each other, said optical path distributing prism 
being arranged so that t according as a distance from said image display device increases in a longitudinal 
direction (Z-direclion), said first surface is located first, and then said second-first surface and said second- 
second surface are disposed at left and right positions facing each other across a medium, and then said 
third-Hrst surface and said third-second surface are located, wherein said third-first surface is disposed at a 
position facing the first surface of said ocular prism for the right eye across an air spacing, and said third- 
second surface is disposed at a position facing the first surface of said ocular prism for the left eye across 
an air spacing. 

20. An image display apparatus according to any one of claims 15 to 18. wherein said image display device 
and said optical path distributing prism are placed to face each other, said optical path distributing prism 
being arranged so that, according as a distance from said image display device increases in a longitudinal 
direction (Z-direction), said first surface is located first, and then said third-first surface and said third- 
second surface are disposed at right and left positions facing each other across a medium, and then said 
second-first surface and said second-second surface are located, wherein said third-first surface is 
disposed at a position facing the first surface of said ocular prism for the right eye across an air spacing, 
and said third-second surface is disposed at a position facing the first surface of said ocular prism for the 
left eye across an air spacing. 

21. An image display apparatus according to claim 14, wherein a single surface is used as both said 
second-first surface and third-second surface of said optical path distributing prism, and a single surface is 
used as both said second-second surface and third-first surface of said optical path distributing prism, 
wherein said optical path for the right eye is made incidenl on the surface used as both said second-ftrst 
surface and said third-second surface at an angle larger than a total reflection critical angle to reflect the 
light beam of the optical path for the right eye within the prism by total reflection, and said optical path for 
the right eye is made incident on the surface used as both said second-second surface and said third-first 
surface at an angle smaller than the total reflection critical angle to allow the light beam of the optical path 
for the right eye to exit from the prism, wherein said optical path for the left eye is made incident on the 
surface used as both the second-second surface and the third-first surface at an angle larger than the total 
reflection critical angle to reflect the light beam of the optical path for the left eye within the prism by total 
reflection, and said optical path for the left eye is made incident on the surface used as both the second-first 
surface and the third-second surface at an angle smaller than ihe total reflection critical angle to allow the 
light beam of the optical path for the left eye to exit from the prism, and wherein the surface used as both 
said second-first surface and third-second surface has a rotationaliy asymmetric curved surface 
configuration that corrects decentration aberrations, and the surface used as both said second-second 
surface and third-first surface has a rotationaliy asymmetric curved surface configuration that corrects 
decentration aberrations. 
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22. An image display apparatus according lo any one of claims 14 to 1 B, wherein said optical path 
distributing prism has a fourth surface with a curved surface configuration that reflects light beams of right 
and left images entering through the first surface toward the second-first surface and the second-second 
surface, respectively, wherein the first surface, second-first surface, second-second surface, third-first 
surface, third-second surface and fourth surface of said optical path distributing prism form optical surfaces 
of the prism as surfaces which are independent of each other. 

23. An image display apparatus according to claim 22, wherein the curved surface configuration of the 
fourth surface of said optical path distributing prism is a rotalionally asymmetric curved surface configuration 
that corrects decentration aberrations. 

24. An Image display apparatus according to claim 23, wherein said image display device and said optical 
path distributing prism are placed to face each other, said optical path distributing prism being arranged so 
that, according as a distance from said image display device increases in a longitudinal direction re- 
direction), said first surface is located first, and thBn said second-first surface and said second-second 
surface are disposed at left and right positions facing each other across a medium, and then said third-first 
surface and said thlrdsecond surface are located, said fourth surface being disposed at a position facing 
said first surface across the medium, wherein said third-first surface is disposed at a position facing the first 
surface of said ocular prism for the right eye across an air spacing, and said third-second surface is 
disposed at a position facing the first surface of said ocular prism for the left eye across an air spacing. 

25. An image display apparatus according to any one of claims 14 to 18, wherein said optical path 
distributing prism has a fourth-first surface which reflects the optical path for the right eye entering through 
the first surface toward the second-first surface, and a fourth-second surface which reflects the optical path 
for the left eye entering through the first surface toward the second-second surface, wherein the first 
surface, second-first surface, second -second surface, third-first surface, third-second surface, fourth-first 
surface and fourth-second surface of said optical path distributing prism form optical surfaces of the prism 
as surfaces which are independent of each other. 

26. An image display apparatus according to ciaim 25. wherein the fourth-first surface and fourth-second 
surface of said optica! path distributing prism are curved surfaces of a same configuration. 

27. An Image display apparatus according to claim 26, wherein the curved surface configuration of the 
fourth-first surface and fourth-second surface of said optical path distributing prism is a rotationaliy 
asymmetric curved surface configuration that corrects decentration aberrations. 

28. An image display apparatus according lo claim 27, wherein said image display device and said optical 
path distributing prism are placed to face each other, said optical path distributing prism being arranged so 
that, according as a distance from said image display device increases In a longitudinal direction re- 
direction), said f$rst surface Is located first, and then said second-first surface and said second-second 
surface are disposed at left and right positions, respectively, facing each other across a medium, and then 
said third-second surface and said third-first surface are disposed at left and right positions, respectively, 
facing each other across the medium, and then the fourth-first surface and the fourth-second surface are 
disposed adjacently to each other at respective positions facing said first surface across the medium, 

29. An image display apparatus according to any one of claims 14 to 2B + wherein said first surface of said 
optical path distributing prism has a rotationally asymmetric curved surface configuration that corrects 
decentration aberrations. 

30. An image display apparatus according to any one of claims 14 to 18, wherein the rotationally 
asymmetric curved surface of said optical path distributing prism is a free-form surface having only one 
plane of symmetry, 

31. An image display apparatus according tD claim 3D, wherein the free-form surface of said optical path 
distributing prism has said only one plane of symmetry in a plane (YZ-plane) connecting a center of the 
image displayed by said image display device and a center of a pupil. 

32. An image display apparatus according to any one of claims 14 to 18, wherein said ocular prism for the 
right eye is arranged so that a light beam exiting from said optical path distributing prism and entering the 
prism through said first surface is made incident on said third surface at an angle larger than a total 
reflection critical angle so as to be reflected toward said second surface within the prism by total reflection, 
and the light beam reflected from said second surface is made incident on said third surface at an angle 
smaller than the total reflection critical angle so as to pass through said third surface tD exit from the prism, 
and wherein said ocular prism for the left eye is arranged so that a light beam exiting from said optical path 
distributing prism and entering the prism through said first surface Is made incident on said third surface at 
an angle larger than a total reflection critical angle so as to be reflected toward said second surface within 
the prism by total reflection, and the light beam reflected from said second surface is made incident on said 
third surface at an angle smaller than the total reflection critical angte so as to pass through said third 
surface to exit from the prism. 

33. An image display apparatus according to any one of claims 14 to 18, wherein said ocular prism for the 
right eye is arranged so that a light beam exiling from said optica! path distributing prism and entering the 
prism through said first surface is reflected by said second surface, and the light beam reflected from said 
second surface passes through said third surface to exit from the prism, and wherein said ocular prism for 
the left eye is arranged so that a light beam exiting from said opticat path distributing prism and entering the 
prism through said first surface is reflected by said second surface, and thB light beam reflected from said 
second surface passes through said third surface to exit from the prism. 

34. An image display apparatus according to any one of claims 14 to 18. wherein said ocular prism for the 
right eye has alpha fourth surface which reflects a light beam within the prism, said ocular prism for the right 
eye being arranged so that a &ght beam exiting from said optica! path distributing prism and entering the 
prism through said first surface is reflected by said fourth surface, and the light beam reflected from said 
fourth surface is made incident on said third surface at an angle larger than a total reflection critical angle so 
as lo be reflected toward said second surface within the prism by total reflection, and further the light beam 
reflected from said second surface is made incident on said third surface at an angle smaller than the tola! 
refiection critical angle so as to pass through said third surface to exit from the prism, and wherein said 
ocular prism for the left eye has a fourth surface which reflects a light beam within the prism, said ocular 
prism for the left eye being arranged so that a tight beam exiting from said optical path distributing prism 
and entering the prism through said first surface is reflected by said fourth surface, and the light beam 
reflected from said fourth surface is made incident on said third surface at an angle larger than a total 
reflection critical angle so as lo be reflected toward said second surface within the prism by total reflection, 
and further the light beam reflected from said second surface is made incident on said third surface at an 
angle smalter than the total reflection critical angle so as to pass through said third surface to exit from the 
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prism. 

35. An image display apparatus according to claim 34, wherein the fourth surface of said ocular prism for 
the right eye has a rotationally asymmetric curved surface configuration that corrects decentration 
aberrations, and wherein the fourth surface of said ocular prism for the left eye has a rotationally 
asymmetric curved surface configuration that corrects decentration aberrations, 

36. An image display apparatus according to any one of claims 14 to 18. wherein the first surface of said 
ocuiar prism for the right eye has a rotationally asymmetric curved surface configuration that corrects 
decentration aberrations, and wherein the first surface of said ocular prism for the left eye has a rotationally 
asymmetric curved surface configuration that corrects decentration aberrations, 

37. An image display apparatus according to any one of claims 14 to 18. wherein the second surface of said 
ocular prism for the right eye has a rotationally asymmetric curved surface configuration that corrects 
decentration aberrations, and wherein the second surface of said ocular prism for the left eye has a 
rotationally asymmetric curved surface configuration that corrects decentration aberrations, 

38. An image display apparatus according to any one of claims 14 to 18, wherein the third surface of said 
ocular prism for the right eye is a rotationally symmetric aspherical surface, and wherein said third surface 
of said ocuiar prism for the left eye is a rotationally symmetric aspherical surface. 

39. An image display apparatus according to any one of claims 14 to 18, wherein the third surface of said 
ocular prism for the right eye has a rotationally asymmetric curved surface configuration that corrects 
decentration aberrations, and wherein the third surface of said ocular prism for the left eye has a rotationally 
asymmetric curved surface configuration thai corrects decentration aberrations. 

40. An image display apparatus according to any one of claims 14 to 18, wherein said optical path 
distributing prism has a positive power as a whole so that said relay image for the right eye is formed at a 
position closer to the right eye of the observer than said tfwd-first surface on the optical path and said relay 
image for the left eye is formed at a position closer to the left eye of the observer than said third-second 
surface on the optical path. 

41 . An image display apparatus according to claim 40, wherein said optical path distributing prism forms 
said relay image for the right eye at a position between said third-first surface and the first surface of said 
ocular prism for the right eye and further forms said relay image for the left eye at a position between said 
third-second surface and the first surface of said ocular prism for the left eye. 

42. An image display apparatus according to any one of claims 14 to 18, wherein an angte alpha of 
reflection of display light of the optical path for the right eye from the second-first surface of said optical path 
distributing prism and an angle alpha of reflection of display light of the optical path far the left eye from the 
second^second surface of said optical path distributing prism satisfy the following condition; "(1}" 33 DEG 
</= alpha </=70 DEG 

43. An image display apparatus according to any one ofcfaims 14 to 18. wherein an angle beta formed 
between a plane passing through a center of a line segment connecting a center of an exit pupil for the right 
eye and a center of an exit pupil for the left eye at right angles to the line segment and a tangent plane to 
the second-first surface of said optical path distributing prism at a point where the optical axis of the optical 
path for the right eye is incident on said second-first surface and an angle beta formed between the plane 
passing through the center of the line segment connecting the center of the exit pupil for the right eye and 
the center of the exit pupil for the left eye at right angles to the line segment and a tangent plane to the 
second-second surface of said optical path distributing prism at a point where the optical axis of the optical 
path for the left eye is incident on said second-second surface satisfy the following condition: "{2)" 13 DEG 
</= beta </=24 DEG 

44. An image display apparatus according to any one of claims 14 to 18, wherein, in backward ray tracing 
from a pupil side, a distance between an intersection of a ray passing through a center or an exit pupil for 
the right eye at a maximum field angle on a right-hand side and the third surface of said ocular prism for the 
right eye and an intersection of a ray passing through a center of an exit pupil for the left eye at a maximum 
field angle on a ieft-hand side and the third surface of said ocular prism for the left eye is defined as a width 
L, and a distance between a point closest to the left and right exit pupils among points at which bundles of 
rays passing through the centers of the left and right exit pupils within an overal? field angle pass through or 
are reflected by the third surface of said ocular prism for the right eye or the third surface of said ocular 
prism for the left eye and a display surface of said image display device in a direction perpendicular to the 
display surface is defined as a deplh D. wherein a ratio of the depth D to the width L, i.e, D/L, satisfies the 
folJowing condition; "(3)" 0.3</=D/L</=0.5 

45. An image display apparatus according to any one of claims 14 to 18. wherein the second surface of said 
ocular prism for the right eye is a semitransparent reflecting surface, and a see-through prism for the right 
eye is placed outside said second surface, and wherein the second surface of said ocular prism for the left 
eye is a semitransparent reflecting surface, and a see-through prism for the left eye is placed outside said 
second surface. 

46. An image display apparatus comprising an image display device Tor displaying an image to be observed 
by an observer, an optical path distributing prism for distributing said image to an optical path for a right eye 
and an optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said 
optical path distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said 
optical path distributing prism, said optical path distributing prism having at least a first surface placed to 
face said image display device so that a display light beam emanating from said image display device 
enters the prism through Ihe first surface, a second-first surface which reflects said optical path for the right 
eye entering through said first surface, a second-second surface which reflects said optical path for the left 
eye entering through said first surface, a third-first surface through which the light beam of said optical path 
for the right eye exits from the prism, and a third-second surface through which the light beam of said 
optical path for the left eye exits from the prism, said optical path distributing prism being arranged so that at 
least said second-first surface, said second-second surface, said third-first surface and said third-second 
surface have a curved surface configuration that gives a power to a light beam, and said second-first 
surface and said second-second surface have a same surface configuration and said third-first surface and 
said third-second surface have a same surface configuration, said image display device being a reflection 
type image display device that displays an image by reflecting a tight beam from a light source, wherein 
both said second-first surface and secondsecand surface of said optical path distributing prism are either 
semitransparent reflecting surfaces or partially-transmitting and partially-reflecting surfaces, and wherein an 
iiluminating light source for forming the optical path for the left eye is disposed at a position on a side of said 
second-first surface remote from a prism medium, and an illuminating light source for forming the optical 
path for the right eye is disposed at a position on a side of said second-second surface remote from the 
prism medium. 
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47. An image display apparatus comprising an imoge display device for displaying an image Id be observed 
by an observer, an optical path distributing prism for distributing said image to an optical path for a right eye 
and an optical path for a left eye. an ocular prism for the right eye that is placed on a right-hand side of said 
optical path distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said 
optical path distributing prism, said optical path distributing prism having at least a first surface placed to 
face said image display device so that a display light beam emanating from said image display device 
enters the prism through the first surface, a fourth surface placed to face said first surface across a medium 
so as to reflect light beams of right and left images entering through said Hrst surface in different directions, 
thereby distributing the light beams to the optical path for the right eye and the optical path for the left eye, a 
second-first surface which reflects said optical path for the right eye reflected from said fourth surface, a 
second-second surface which reflects said optical path for the left eye reflected from said fourth surface, a 
third-first surface through which the light beam of said optical path for the right eye exits from the prism, and 
a third-second surface through which the light beam of said optica! path for the left eye exits from the prism, 
said optical path distributing prism being arranged so that at least said second-first surface, said second- 
second surface, said third-first surface, said third-second surface and said fourth surface have a curved 
surface configuration that gives a power to a light beam, and said second-first surface and said second- 
second surface have a same surface configuration and said third-first surface and said third-second surface 
have a same surface configuration, said image display device being a reflection type image display device 
that displays an image by reflecting a JigM beam from a light source, wherein said fourth surface of said 
optical path distributing prism is either a semiiransparent reflecting surface or a partially-transmitting and 
partially-reflecting surface, and wherein an illuminating light source lor forming the optical path for the left 
eye and an illuminating light source for forming the optical path for the right eye are disposed at respective 
positions on a side of said fourth surface remote from the prism medium. 

4B. An image display apparatus comprising an image display device for displaying an image to be observed 
by an observer, an optical path distributing prism for distributing said image to an optical path for a right eye 
and an optical path for a left eye, an ocular prism for the right eye that is placed on a right-hand side of said 
optical path distributing prism, and an ocular prism for the left eye that is placed on a left-hand side of said 
optical path distributing prism, said optical path distributing prism having a first surface placed to face said 
image display device so that a display light beam emanating from said image display device enters the 
prism through the Hrst surface, a second surface wherein said optical path for the right eye is made incident 
on an optical surface at an angle larger than a total reflection critical angle to reflect a light beam of the 
optical path for the right eye within the prism by total reflection and said optica! path lor the left eye is made 
incident on the optical surface at an angle smaller than the total reflection critical angle to allow a light beam 
of the optica! path for the left eye to exit from the prism, and a third surface wherein said optical path for the 
left eye is made incident on an optical surface at an angle larger than a total reflection critical angle to 
reflect the light beam of the optical path for the left eye within the prism by total reflection and said optical 
path for the right eye is made incident on the optical surface at an angle smaller than the total reflection 
critical angle to allow the light beam of the optical path for the right eye to exit from the prism, wherein an 
opticas element (or display is placed between said image display device and said first surface, said optical 
path distributing prism being arranged so that said second surface and said third surface are curved 
surfaces of a same configuration thai gives a power tD a light beam, and said second surface and said third 
surface are placed to face each other across a prism medium, said image display device being a 
transmission type image display device that displays an image by transmitting a light beam from a light 
source, wherein an Illuminating light source for forming the optical path for the left eye and an illuminating 
light source for forming the optical path for the right eye are disposed at respective positions on a side of 
said image display device remote from said optical element for display. 

49. An image display apparatus according to claim 48, wherein said optical element for display is a Fresnel 
lens. 

50. An image display apparatus according to claim '16, wherein both said seconders* surface and second- 
second surface of said optical path distributing prism are formed from half-mirror coatings that divide 
transmission and reflection in terms or Intensity. 

51. An image display apparatus according to ctaim 46, wherein both said second-first surface and second- 
second surface of said optica! path distributing prism are formed from mirror coatings each having 
transmitting holes provided in a reflecting mirror surface. 

52. An image display apparatus according to ciaim 47, wherein the fourth surface of said optical path 
distributing prism is formed from a half-mirror coating that divides transmission and reflection in terms of 
intensity. 

53. An image display apparatus according to claim 47. wherein the fourth surface of said optical path 
distributing prism is formed from a mirror coating having transmitting holes provided rn a reflecting mirror 
surface. 
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(57) Abstract: An image display such as a head-mounted image display for allowing the user to view with both user's eyes an image 
qq displayed on one image display element by directing the image to both user's eyes without providing any half-silvered mirror. The 

image display comprises an optical path branching mirror (1) for distributing the image on one display element (10) to a right-eye 

optical path and a left-eye optical path, a right-eye ocular prism (2R) on the left side, and a left-eye ocular prism (2L) on the left 
J/} side. Along the right-eye optical path, the display light from the display element (3) is reflected from the reflecting surface (1R) 

of the optical path branching mirror (1), passed through a first surface (21R) of a decentered prism (2R), made to enter the prism, 
O total-reflected from a second surface (22R), back-reflected from a third surface (23R), made to exit from the prism through a fourth 

O surface (24R) which the second surface (22R) serves as, directed to an exit pupil (4R) for the right eye, and projected to the right eye 
^ to form a magnified image of the image on the display element (3). As for the left-eye optical path, the display light travels similarly. 
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Still other objects and advantages of the invention will in part be ob 
vious and will in part be apparent from the specification. 

The invention accordingly comprises the features of construction, combi 
nations of elements, and arrangement of parts which will be exemplified 
in the constrution hereinafter set forth, and the scope of the invention 
will be indicated in the claims. 
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m 1 7 ItflgB^O^j 1 7 ©B«[^^«©i^|B03fe^j£-^t" TK^WfSH 
SI 1 8 «^BJ©H»J 1 8 ©@Ht^^g©MB&©^^;^7K¥iT®EI 

in 1 9 ^mncDmmm 1 9 onft^^^soi^iio^m^^^-TK^iTSiii 

EI 2 0 «*^BJ©H»J 2 0 0®{t^^eOf^BS©7fe#^^t-7K¥»T®EI 

ei 2 iii^^©n»ij2 1 (Dmmm^m(Dmm<vyc¥%k&^i-7k¥-mmm 

EI 2 2 ^*^Hg©H^ij 2 2 oiij{t^^^gOf^lS©7fe^^^1-7K¥liTEEI 

ei 2 3 ittmwommm 2 3 onft^^goj^igcD^^^^-ryK^irffiEi 
ei 2 4 i$^mw<z>MMm 2 4 ®iKt^^a©f^§s©7fe^^-r7K¥S(T®Ei 
ei 2 5 (i^H^onwij 2 5 (Dm&Bi7ikmw<Dm&(Dy£¥^&7F-t7k¥-mmm 

02 6 It^mWcomiMM 2 6 ©lj{t^^S©i^§S©7fe^^^t-7K¥iTSEI 

EI 2 7 t»^PJ3©^l»J 2 7 ©li^^g©i^lBO^#m^^t-7KW®EI 

EI2 8 «^H^OH»J2 8 ©lHt^^g©i^0S©^^^7K¥§TffiEJ 

EI2 9 ti*^B^{cJ;^||JfefiJ2 9 — 3 0 ©®{t^/K^§©7tF£EI-e<&£o 
EI3 0 - ^ a i /3c7)^^B^^^i6©EIT-*>'So 

EI3 1 ^/^^^ - ^L iDoSa^l^S^t-a^^oEI-eafeSo 
EI3 2 liHife^J 2 9 ©£BSffl©7fc^©7K¥$T®EI^&<5o 
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EI 3 3(i^»J3 0O^B5ffl©^^O7K¥»f®BI"e*So 
m 3 4 tiHite^J 1 6 ®3t:^©*ftiKMSI-e*«o 
EI 3 5 teHWJ 2 0 0^6#^©ttJR^ElT?*-5o 
HI 3 6 te^Jfefll 2 2 O3fe^O«SJR^0t?* £ o 
EI 3 7 teHWJ 2 9 03t^©*»iK^EItf**o 

ei 3 8 t±n»ij 3 o (Dyt¥^<Dm$iMm'?&&o 

EI 3 9 «*|gi!§oiI«*^«*'>-x;U-«|j|^tltc«^LA:»^o»^* 
El 4 0 JiW$SE L@«^*^0«jS*^'r-5^«ia-e*'5o 

ei 4 1 i**mmm^mmm&Mm%mm^wLtzm&&mtt^-tm-e 

erf^, ^mM&m&^^w&^MMfcm^Tmwir&o eji~eii sjc 
%n^n-&mwK&&Wfc&\ i — i 6 ©mft^^g^^Ei^-^-ro 

Ell ©HJfe^Jl JC&^T, H^#0^aS^ERT\ £Hg£ELT\ lilt^^ 
g©M?a^rp£*?-# 3 T\ ^BSm©I^tBfi^4 RT\ £BBffl©tftiJfll£ 4 L 

m-t&yt&Wifttf i =7-* 1 T^f-o ii^^'J XA#2R, 2 LteS#T^ 1 

tmmm^^mmm 1 Ri^i^^uM 1 l t 
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ib? U XM* 2 Li till— Jfctfc© &©T\ WSt<OW^m\zM LTEatffcKEBS 
ft, ^nen7fe^il-g»)HHT\ ilf2 1R (21L) „ ^2i2 2R (22 
L) „ H312 3R (23L) . I4ffi2 4R (24L) /^lf tlTfe «9 , 
I2ffi2 2R (22L) iI4S24R (24L) telEj— B^te*^ ^-©HJ— 

{&L^ U XAf* 2 R. 2 L CDH 4S2 4R, 24L ^t^tUC® LTB§|5j— ®_L 
f-tt£tJ^4FU 4L^lLtl^o €LT, ^fiS^ U XA{* 2 R. 2L, 3t 
S§fS^;7-l®^S2 1R~2 4R, 2 1L-24L. 1 R, lLte, &S5 
(a) T^£ft£@iftS^£lf ^tvri^o §giffiS(i, ¥® 

Tf*«of, ^isffl©7fe^^ft^fc^-rso *s© i tfcoisife^*^ 3 ^ 

^'JXA{*2R{:Altt^o A*bmin®2 1 R£i§j@ 'J XA^tcA 

teAMLTWmfcttisti. H4ffi2 4 R»cffilii^£tToAI»fft7?A*fLTjaSr$ 

nrdiC^u xi*w 2 R^ttmu «ffl©i^mgi4 R^af^tu 
mim&m^m^- s &o itft^ist^s^ttm^ r 

^3©®#/^&i^*i<2>©T\ ftMlifik feiKH^o»iK^^if»-**iE*nfe 
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m^fafrm^M < £Ho3g£>fc^ 0 £ bfc. #Hf¥9 - 6 1 7 4 SfO^-jic^ 
-7; 5-£*»Jffl-tH\ *il© 1 tfcOGS&^JRT' 3 jfr»£> ©^®«^PilB fdE 

o 

Itm—tib II Cff2tK© 2 o©^[>:/ U X Affc 2 R, 2L^fflIL, ^ 

H;»J2«. EI 2 JczMFir® (Y-Z$r®) £tjVTJ:9Jc n H«Jl©I5g{c 
fc^T. Ijft^^ 3 ^ ©^J&fflRfl® 1 R i^g§ 

Ui^o ®«^* : ?3j^&#;HHg#tt 5 5- 1 of B 1(ctL/>X5^JfAtl» 
H»J 3 M\ EI 3 {C7K¥»f® ( Y - Z iff®) ^tk-T J: K> H»J 1 ~ 2 ©i^ 

ig©^^{c@ea-r %>yt$&&&if i^-i ©ft*> *9 5 ®©^^ xa^ £> 

2L. 2 R«H»J 1 ~2 ilUmr^^o 
^OM^f^'JXAl (Hi, j^lS©^®iC^LX®^^ff^-r*><9 

, i®^^^3©ii^«ij{c{5:M-r^iii® 1 zomimi 1© 

MJ^|i^#fM{c{iM-r -S^^fflSI^S©^ 2 m 1 2 R ££;0§fflHIl®©fil 
2@1 2L, $bl^tlbi2Sl 2R, 1 2 LOSI^M^ffiiSf S£^gSffl 
Sig® 1 3 L „ ^Tfr&ffliiii® 1 3 R© 5 mfr <hteZ>o 1 ttMK©^ 

ElcftLTD^Hfr&Btt, I2ffil 2Rchl 2 LfM§g©^®ic^LT®*tffr 
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&&&m=3rZlL M^t^'JXAl OOilBl UcILT, }fe&®#tf-:7 

u xi* i o ©n^iti^iijicgeg^nao 

X&&<DX\ ^H5ffl©^K^ft^icU&H^-r^ 0 ihii© 1 tfcOiMJfcF* 1 ? 1 3 ^ 

SSffl^M®3l2®l 2 RlcAttL-T^&f&ft, ^J&ffliSiM 1 3R^1IL 
T, ig^^ 'i 2 R o Al^«^lffi2 1 R^igiiLT^U Xi, 

2 3 RizAmtxmmmizn^ m\mz 4 RK^nvxrcDAmmxAmLT 
&mzmiE-$-zc£tf-e%& 0 ttz, Tfr&ii^tf^uxA i oommi 2r s 
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6 17 4 S^r(DXoK^-y I ^-^mm^ir, 1 ftoljft^J^ 1 3 

U XA{* 2 R, 2 L «®^f^{iz:M(c@5g$ *l£j{r<> ft 
|5lCff^©2o©^^ > UXA{*2 R. 2L^ffltL, U 

mMM 4 ti, HI 4 JczMW® ( Y - Z if®) ^-^t-cfc -5 ic N H»J 1 ~ 2 ©j^ 

2L, 2 RtiH»J 1 — 2 illlltT^ao H»iJ3 £ ftisWi, iS#&^ 

. li^^^3©tl^i^M{^igt-^^l® 1 1jW8Md, ^©111 
1 l ©M{piJ^1il^#£S2#^{i^ 3R, ^7feg§ 

Mi®d£©H3ffil 3 L. $t>i:fnt»H3il 3R, 1 3 L (DWM^ t U.fiB\ 
K&mi-&mt&mfcMffi(Dm2ffi l 2 L££^8SfflR£t®©^2®.l 2R©5 
b^-5o H 1 ® 1 1 «MBSO^f«f-^ LTffi^^m H 3 ® 1 SRt 
1 3 L. I2B1 2Lil 2 Rtir^BS^^SfC^LTffi^^ff^T-^^o i® 
ft^^3 (i, ^gSJg^^^U XA1 0OI1S1 1 icffilt, ^JS^^y 
U XA 1 0 ©tl^fiJ{-S5g^n^o 

{?§fflSl^ffi©m2®l 2 RfcAI^LTMi^^ti. ^S&ffligiiS 1 3R&mmt 
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T\ ^'JXA*2 RKAtfT^o AltoBiHl E 2 1 R£-i§^ LT7° U XA 
FiicAttU ^2ffi2 2RfcEI^&±®A3*ft^AI*LT£K3*$tt N I3S 
2 3 RKA£fLTMn£t*$*U 314352 4 RtCffi^£JlT©A*fftT?AI* LT 

t>i^ttjst4 r-v?ij^^§4:{c i u^mm^nho ^.mm^ytmt, ^mm 
|p] c sea© lift ^abs^«7fe$i(-^tTfi{tTse 

j£#f (c^iEt-^ c £ 0 t tz, yt&mftif?*) xa 1 0 (DKmm 1 2 r. 

6 17 4 S^(D£?K^-7 5. 7-&mmi±-?\ 1 3 

^©^IMt^ISfcE^ < ^ < c i^°Ttg-e^^o * fc. ytl&W&V?*) XA 
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HJfe^J5t±, EI 5 fC7K¥»r® (Y-ZWf®) £^,£9^ H»"J 3 ~ 4 © 5 

'J xai*^ # hiti^Wtfttf u xa i o ©ftfr «9 3 
mM^mm^MK&m-r^^mmt lt itm-t ^Jtimmmoim 2S1 2 

Ri£MSl*H2i 1 2L, ^£§mM^f®0^2Sl 2R£|e]-S0 
3L, 2£7tE§fflSItffi©ffl 2 ® 1 2 Li[ll-ffi©^]?§ffliiii 

® 1 3 r©3 i^t>^5 0 iiffli 1 nmmcDtmm^ lts^^m, i§ 

211 2R (1 3D il 2L (1 3R) ItW^itt 
t>©i^m> ^{S^ti-^'JXA 1 OOfHSl UcAfJU *(D&jlt 

i^mm^m 2 a 1 2RfcAiiLT£^t£*u ^^fflii^si 3r (12 

L) IT, i^'JXA|*2R(cAIttl»o AI^«I^1®2 1 R^ig 

LT:/'JXA|*|icAIlU 1212 2RJcBg^J£l±oA*fft-eAI*LT^*f 
£fU I3ffi2 3 RKAmLXWffifcMZft, IM®2 4 Rfc^J^OT^A^f 
^TAMLTSfjf^nTM^^U XA{#2 R^bl^L, ^HKfflOfttfJfiU 

1 2 
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ft^o $ fe>ic, #BB¥ 9 - 6 1 7 4 8 S 5-£*(Jffl-tht\ 

M^it^'JX'A 1 OOS^il 2 R, 1 2 LlCgftffiS^ffll^Ci 

mMM 6 0 6 {C7K¥Dt® ( Y - Z ifffi) ^-^^-J: 9 HJgfiJ 3 ~ 4 © 5 

®tT^TH^#{-ffi-rsMi^ffi©^2® i 2, m®i i ots^i'MMfcse 

1 3 
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® 1 3 r, 1 3Lii2ii 2 (DmcDMm^mzntz&ycvm&MfficDm 4 m 

1 4 L. 4 ® 1 4 RO6ffi^^^ 0 Hlffil K 

2ii^aBO^®ic*fLT®*f^^Jg^ !£3ffil 3 R£ 1 3 L, 4 ffi 1 4 L 
£ 1 4 R(ii^iI©^fM(c^LT®^^ff^T-*^>o IKt^Hd 1 3 fcU 
iS^it^ U X"A 1 0 <Dfg 1 ffi 1 1 CILT, Ttt&^-tf? 0 U 1 0 com^t 

. 2il SMMS0I3B1 3R(CAI^LT 

Mi^f^ti, ftyt$&m&i®mi ar^mmlx^ i^'jx^2R(cAMt§o 

AJM;«fll®2 lR^ILT^'JX'ArtfcAiL, 2 ® 2 2RI«M 
±©AI^-eAI^LT^EIt^tl, I3i2 3Ri:AlfLtIiSlt$tl, H 4 
124 R{c|^^OT©Alt^^AI^LTS^^tir^^';XA{*2 R^^I^t 
{fiU ^aSfflol^tHffi4 R^2lS^*u ll^#©^BS{cUfta^^3©i£A{t^ 

1 4 
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H$60J7ii, EI 7 (CTKWffi (Y-Zif®) ^-Tct-pfc, 
lt^^ii^^UXAf*2 Ri£iSffl©^#^^^^^L^ i ;XA{*2 Li 

iI<£JI[I#T\ Il®2 1R (2 ID , 1252 2 R (2 2L) , i3l2 3R 
(23L) . I4I24R (24L) . I5B25R (25L) ^t)M'$nT 
f 3I23R (2 3D i!5ffi2 5R (2 5L) 1* |WJ— t> ft «9 „ * 

^©M^ft^UXAl Oli, 4 (EI 4) £|WI*iJc, ffi|RcD*ffM 

l^tLtffi^^ff^t* <0 . @jft^^ 3 ©H^M^M-r hW, 1 ® 1 1 
jW&S®, "tcomimi 1 o»J-^|l^#iiJ{-fiSt- a*7feS§ffl^E©m 3 E 
1 3 R. &^mMMM(Dmsmi 3 L, $ bCfnbl3ll 3 R, 1 3LO 
fg^fliJfc&g-T 2B12L ch^^ffl^ra©^ 2 ® 1 

2R0 5E^b^5 o m 1 ® 1 1 &MaS©*tfMf;:*f Ltl^^ff^, H 3 E 
1 3 R£ 1 3 L, I2S1 2Lil 2 R {«BS©*f#|«;:*f Ltl^i^Mt 

fg^tf-^'jXAi o©ii^i^fiij{c@eg$n^o 
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T> i^ l JXA|*2RlcAiit^o Altofcteill 35 2 1 R^ifilLT^'JXA 
ftfcAI^U If? 2® 2 2RT-Slt^n, ^©Rl^ttf 3®2 3Ri:i^K± 
©AI^-eAItLT^MIt^tl, I4ffi2 4 RfcAItLT«g^lt£*U I5ffi 

? 3 (Dmm*mzzn&(D'c\ mmm^ ^mmcDmum^m^msE^titz 

6 1 7 4 8-f-©J:-9 ^ 1 ^©iSft^^ 3 ^ 

1 0©5Oft®l 2R. 1 2L(cSfiiS^ffll^c:ilcJ;^ M^iR^^ic 

1 6 
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U XA{* 2 R, 2 L «®^%?tt(4flllcEB$n*^ *©J&tfcttP|— k© 

H»|J 8 EI 8 {C7K¥ir® ( Y - Z iff®) =fc -5 ^ HJfefll 7 © 5 ®© 

fe^'JXA^b^^M^i^'JXAl 0©ftMf^ HJSfiJ5 (05) 
ch ISfti© 3 ®©iin>:/ U XA^t.^53i£KJS^«^ , J 1 0 
* 6 o ;£&©HKffl©fi'fc-/ U 2 L N 2 R teHWJ 7 £ & 0 

^©M^t^'jXAi oti, nmms cms) £|sm§jc, ^ib©*^® 
® i i Tbrnmrn, z^mimi 1 ©Mffl^t&3g#<R0K&g-rs£R§*® t lt^ 

ffl-T«^ISfflS*f®©»2® 1 2 R££?tti£ffl£t*t®©l§2® 1 2L. 

jb£i*®©^2®i 2Rt\*i—m<v-£yt$mmmmi 3l, ^Kffls^®©n 

2 ® 1 2 Li JWJ — So^gSfflaifi® 1 3 R® 3 ®^ 5><£5 0 Ilffil 1 tijflaHB 
©^Ml^lti^^M, 1211 2R (13L) il 2L (13 R) 

XA 1 0 ©fg 1 ® 1 1 KM LT, 3feSSJS5>^^U XA 1 0 ®«&#ffl!Ucffi«$*l 

^ o 

£<o^3few\ *-r, *?§im^'JXai o©fii®i ikaiju 

S§fflRIl®©lFl2® 1 2 RfcA£*LT£Mt*£tl, ^^felSfflaSigffil 3R (1 2 
L) £iSilLT, ii^y UXA{#2 RicAl^f-^o AI^(iHl®2 1 R*3i 
LT^UXAF^cAltfU f 2E2 2RT"Mtt£tl, f©S^il3S2 3R 
fcffiim£U:©AI*ft^AI*UT££ltSn, 3M®2 4 RJcAIlLTa®S£f 
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yuXAi o ©^s^3®©<^-e&£/ca6 > s^it^-s-^^-eab^o 

tel^o £ #If1¥9 - 6 1 7 4 8-§-©J;9{-^--7 ^ y -^iJffl-W. 

U XAf* 10. 2 R N 2 L tp&MM U ^o, ^©^^i&^fir *9 ft If 

-e&<S, |^U^© 2o©^(>^UXA{#2 R, 2L^ffltU *P£:<Dffi>b'7*) 
H»|J 9 EI 9 {C7K¥Dt® ( Y - Z iT®) J: 9 HWJ 7 © 5 ®<D 

XA^^^^^Mtf^u xa i Q(Dixt><oiz^ mmmQ cm 6) 
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tmm<v 6 ®©iBiC^u zi*fcfrz>t£zyts&m&w? u xa i o zm^fc^w 

^©^M^'ix^i n»j6 (06) tmmiz, 
si lfimmm, ^©msi neSLT^Tii^£H#{ij©Kii®©iFi2® 

3 Rch^£§fflMIfffi©H3® 1 3L, i3Sl 3R, 1 3Lif 2S1 2 ©fig 

4R©6»^^£ 0 1111 K I2S1 2 («Sg©^f«{c^LT®>C^^ 
Bit, H 3 ffi 1 3Ril 3 L , i4ffil 4 L £ 1 4R tMBS©>tffM fc*t LtS 
>t*Wt*^o ®(t^^3^, TfeSg^ft^UXA 1 OOilil lie 

ko^refcli, BMIM^'JXAl 0©£^I©f 111 lfcAUL 

, fc&*iI®fFl 2 ffi 1 2t?Slt$n, £3fe&JBS#t®©3& 3 © 1 3R{eAllLT 

M^ti, ftya&mmMmi iR&mmtx, mfo-fv xm* 2 rjcai^&o 

AtifefeteSB 1 ® 2 1 R&aBBLT:/y X Af*jjc AJhfU n 2 ® 2 2 RTrSIl£n 
, ^0Slf5fet±^3S 2 3 R{c|^^J^±©AI^-eAI^LT^:Hl^^n. 4 

®2 a RizAmLxmm^m^n, 15E2 5 r{c^^ot©ai^tai^l 

T®|lT^tlT^^ , UXAf*2 R^^l^tBL, £BSffl©£ti±lffi4 R^T^tl. II 

m&^mvnmtmm. mmmmm^m/ux, ^mm&%i&tmmts.M% 

Kt£ -So 
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mm*mi,<, ttz, ^mmmtiti^-otz^ do^j©»^tt4»na«*iisi 

mm^itfiWi^^ < t±Jo3B^^:ii^o * £f-> #R!¥9 - 6 1 7 4 8-^-©J;-5ic 
0J3 S < ^ < c i^RTtl-e* So * fc. itl^m^f-f U XA 1 0 co^ll® 12,1 

izffi'bzf U 10, 2 R. 2 L U ^o, ^O^T^^tfr «9 ft if 

mmm lott m 1 o jctmws cy - z»rffi) «fc -5 nmm 8 cm 
i; XAft 2 l ©ft*? 3 m<ou—rtitk<DU>b~? u & # -s^hre 

U XA# 2 R ££BSffl©^i>:/ U XA{# 2 Li^, pTO©*raMK*f L 
TE^i:EgL^t)OT\ ^f&Jg^tt^ U XA l o l± 1^*317?* £ 0 M'fc"/ U X 
A{|:2R©I1S2 1 R^aatT^UXArttcA^t^^ I2B2 2RT! 
SUStU ^©Klt^tefM® 2 3 R-eSfr^tlT'(i^^ > UXA{*2 R^bl^Hb 

2 0 
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m/u-n\ ^mm^ytmtmiw^mm^^o torn*. n»j8 tm^-e&& 

o 

mmmi i«\ ii uctmw® (Y-zmm ^-rx-oi^ mmmi cm 
7 ) co 4 mcom^-f u x^fofr ^ ti ^mmcom^-f u xa{* 2 r 
^ u xa{* 2 l ©ftfr t) 3 moom—mxooim^-f u xa^ t> /«£ z^mm 
coU'^zf u 2 Rt^mmcom^-f xa{# 2Li^ mbs©*^®^ l 

A{*2 R©f 112 1 R^-igiilL-ryU XA|*|{cAtt Ltz%{$^ It 2 ffi 2 2Rt 
^^tl. ^©^|^«^3®2 3 R-VMifr ^nxm'L^V XM*2 R^t>lltB 

u ^mm^mmmA R^m^n, mmmco^mimmm^m^sco^m.^ 
fim&zti&o ^mmcoim^ ^mmcojt^mconmtmm, m^comm^ 

o 

mmmi 2«, mi 2jc7K¥§t® cv-zmw ^-t^-?^ imcom^-? 
^^jf^-r^c.^ u 2 r <t£Bsm©^^«i^-r u xa 

tL7felI^il^]III§T\ H1B2 1R (2 ID „ I2S2 2R (22L) „ i£ 3 

12 3R (23L) „ I4S2 4R (24L) ^bH^^tlTt^ t©T^§ 0 

. mw»mtmm\K{±LW^tz>mim 1 i^me, zcomimi icomm-emm 
mtmim^iiLmi-^^mmmcomsmi 3r, £7ft£J3»t®©!g 3 ® 

1 3 l N $ ihK^n^msmi 3r, 1 3 Lom^M^&M-r^^^^ii 

ffi©l4il 4 Li^ie§ffl3iii®©ll4ffil 4 R. £ £ «tl t>il 4 S 1 4 R 

, 1 4 l ©i^i(c{4it^£«s»i 2 ® 1 2 l t^mmmm 
com 2 s 1 2 rco 7 ®^ b4^ 0 iiffii i [tmmcomtmK^ Lxmnwum 

^ I3S1 3Ril 3L, 4Lil 4R, I2E1 2Lil 2 Ri« 
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zommytit, mm^uxai oof iei ncA&tu 

S§fflSl^ffi©H2®l 2R^AI*LTSIrf$n, &©;&3fe8&fflK*t®©SS 3 ® 1 

3 RfcAI-fLTSttStt. £tffeg§fflSifi®l fe^'jXA#2 
R^AI^So AI^7fe4iHlffi2 1 R&3«LT:/'JXAF<jlcAttU f£2®2 
2 RicAU LTlEHIf^n, H3ffi2 3 RfcAI^L-rmSHIf^n, 31 4 ® 2 

4 R-ejstff^tiT^c^ i ;xAf*2 R^£i*mu &mme>sttbtit4 R^mfrti 

^3©iift^i^$n6©T\ ^m^mum^mmzmiE^titz 
mit^Bi- ttz^ tpT^mnfru ^m&te' < ? ? y * - # x © 

^{cMJE-r-SCch^^^o 7feS§|g^(J-^UXA 1 0©Rft®l 2R. 

1 2L, 1 3R. 1 3 Lte£KI^ffl^T^/£l^a6, Eicfcff £ All^/J^ 
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IS^tf^UXA 1 0©Sttffil 2 R, 12L, 13R, 1 3LlcgM®^l^ 

c: ©njfe^jtcfc^Tti. ^js^tt^ u xa i o „ m>t^ u 2 r, 2 l 

(S^iR^ffiiEf Sdi^RT^i^So ^H^'JXAl 0. 2 R. 2L 

1 3 ©HJfefiJ 1 3 ti. 05 ©H»J 5 o£^©3fe^Efitc*5l^T^ IHt^H 

6 Li ijft^^^ 3 © m i^mytm y ;u u > x 7 ^-seg l tzmMM^h <s 0 
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JcAtJU ^©^^:^l2I5©SI5ffl^g§^TSI^#0£ISER{^U, lilt 
3 (Dfc±&Zm^ & o 
Z.(Z>m&. tt&M<D 1 (LDC) 3®^aBfflcDMTO^ 

ei 1 4 (Dmmm 1 4 s 6 om^j 6 ©^©^^gggfc&^T. m®M 

^^3 £ LTRI1M©LCD C^H^It^) 3' M^f^'JX 

iS55-(t^u xa 1 o©^2®i 2 ^ ^-®&<s^«— ^TfeiiiimcT)^:^- 

^ttfc ^ LT, f©f 2B1 2 if 1 ® 1 1 i^,llT«6 R, 6L^ 

^LTSI1MLCD3' ©^rcBicAtJU RI^L^^7fe«EI6 

TTfegg^fi'^UXA 1 0^1t-©oT^CDf 1® 1 1 ^igi&LTRIfMLCD 3 
RMitU Mift^^3©feAft^i$-r^o 
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ux'a (iEPi^jxA) i o te^mm&6m&&tzi6, mmLCDS' & 
mi ^commmi 04©fsjfem©£#©^^E«tefc^T, 

^5^3 £ LTHMLCD 3' ^^'JXAl 0»otl 

B^fc£fc£:&©7^J3©MHJ?7feM 6 R. 6 L £-g£g U t^JSt}^ U XA 1 0 
©^©^^©f^Bl 2L. 1 2 R^-zn-^ ^ ^-nS*^>^ti— ^Tfcil^Jl 
0/\^IJ-f: ; ^©f 2ffil 2 L, 1 2R<hIlffil 1 t^rBX 

7feS6R, 6 L^^O.ffSB^T^ItMLCD 3' =fc 9 lf;»Jt 

<fc o 

yuxAi o <D^mm?t$&(Dm 2 m 1 2 rcd^-^ = ^-s^^^i— gp^ii 

ffl ©/%;;££ tffci ^-ffi©^©^HT^ig5>^^U XA 1 0£-fg#|-oT^© 
1111 l^SilLT^MLCD3' ©Sl/rcgi;: Aft U Sl^t L/^/j^tteS 
4 ©£ISffl:)fr&£:iflTt£&#©;£flIE L fcii U Htft^f!^ 3 ©&*{t£-$:f£ 

t^o ^/-c, ^7fes§ffl©M0j7feM6 R^t»op^fc> mmKimmftifzftjx 

Al 0©£BSffl^©H2Ml 2 L©^-7 ^ ^-oS&<5^(£— 

^tffc = ^-^©^©^MTTfr&fl^tf ^'J XA 1 0 ^-ff^oT^-©^ 1 ® 

1 1 ^igiiL-rSI^MLCD 3' ©^KfcAttU KM Ltzm^itm 4 ©£" 

ei 1 3 ~m 1 5 ©=t r> ^^(D^cmm^mm^tM 6 r, 6 l „ mytm y 
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£>^T. T^^tf 1 R. 1 L , 3tmMftW7*) X'A 1 0 

m 1 K 12, 1 2 R. 1 2 L, 1 3 R. 1 3L> 1 4 R. 1 4 L, ^IB/H&BB 
m©i^'JX/,#:2R0S2 1R~2 5 R. £HBEJ£IB#^©iB'k:/ U 
XA{*2LO®2 1L-2 5 LfCffll^ffici: LTtt, ig'frJRg&fljiE^'S «fc 9 ft 

oT, ^^©iS&^^a&^Tte. T^iS^t ©Sl^t® 1 R, 1 L 

^ ^SM^'JXAl OO^Sl K 12, 12 R N 12L. 13 R, 13L 

, 1 4 r. 1 4 l, ^mmmm^^m^ ] ) xut 2r®e2 1 r~ 2 sr 
> ^mmmm^^m^-f u 2 l <dm 2 1 l ~ 2 sl©^ ^<it 
is, &£L<{immmm*, m>MM&miE^ & x ? te®&mmtmm 

6 6 

Z = cr 2 /[l+^ll-(l+k) c 2 r 2 )]+S CjX m Y n 
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• • • (a) 

dd-e, (a) j^cDmimmmm, ®2^iigsffis^*«o 

c : IS^OftSp 

r = V~ (X 2 + Y 2 ) 

6 6 

E Cj X m Y n 

j =2 

= C 2 X+C 3 Y 
+ C 4 X 2 +C 5 XY + C 6 Y 2 
+ C 7 X 3 +C 8 X 2 Y + C 9 XY 2 +C 10 Y 3 
+ CnX 4 +Ci 2 X 3 Y + C I3 X 2 Y 2 +C 14 XY 3 +C 15 Y 4 
+ C 16 X 5 +C, 7 X 4 Y + Ci 8 X 3 Y 2 +C 19 X 2 Y 3 +C 20 XY 4 

+ C Z ,Y 5 

+ C 22 X 6 +C23X 5 Y + C 24 X 4 Y 2 +C 25 X 3 Y 3 +C 26 X 2 Y 4 

+ C27XY 5 +C 28 Y 6 

+ C29X 7 + C 30X 6 Y + C31X 5 Y 2 +C32X 4 Y 3 + C 3 3 X 3 Y 4 

+ C34X 2 Y 5 +C35XY 6 +C 36 Y 7 
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Z e r n i k e^SfcJ;^i"e^So C©S©JF^«J^T©S; (b) KX^O 
fem-f&o ^<Ds£m^ (b) ©Zfi^Z e r n i k e ^lg5£©$S £ ft 3 0 03£^ 

x-Y®ic^-r§zofi©^$©^n^T^a^n. a«x- 

x = Rxcos(A) 
y=Rx s in(A) 
Z = D 2 

+ D 3 Rcos(A) + D 4 Rsin(A) 

+ D 5 R 2 cos(2A) + D 6 (R 2 -1) +D 7 R 2 sin(2A) 
+ D 8 R 3 cos(3A) +D 9 (3R 3 — 2 R) cos(A) 

+ D 10 (3R 3 -2R) sin(A) + D,,R 3 sin(3A) 
+ D, 2 R 4 cos(4A) + D 13 (4R 4 -3R 2 ) cos(2A) 

+ D 14 (6R 4 -6R 2 +1) +D 15 (4R 4 - 3 R 2 ) sin(2A) 

+ D 16 R 4 sin(4A) 
+ D 17 R 5 cos(5A) +D 18 (5R 5 - 4 R 3 ) cos(3A) 

+ D 19 (1 OR 5 -1 2R 3 + 3 R) cos(A) 

+ D 20 (1 OR 5 -1 2R 3 + 3R) sin(A) 

+ D21 (5R 5 -4R 3 ) sin(3A) + D 22 R 5 sin(5A) 
+ D 23 R 6 cos(6A) + D 24 (6R 6 - 5 R 4 ) cos(4A) 

+ D 25 ( 1 5 R 6 - 2 0 R 4 + 6 R 2 ) cos(2A) 

+ D 26 ( 2 0 R 6 - 3 0 R 4 + 1 2 R 2 - 1 ) 

+ D 2 y (15R 6 — 2 OR 4 + 6R 2 ) sin(2A) 

+ D 28 (6 R 6 — 5 R 4 ) sin(4A) + D 29 R 6 sin(6A) 

• • • • (b) 

LTmfir&Kl$, D 4 , D 5 , D 6 ^ D 10 , Du, D 12( D 13 , D 14 , D 
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20, D21. Daa-^Jffl-T^o 

-&mmmWtrf>)XM*2 R, £&gfflJ£flB:/';XA#:2 LOft-5gfi»\ li 
gSffi®©fi!2©^*^O^Jci: IT, (c) 7^&tf t>tl£o 

Z = 2 2 C nmX Y 

mtLX^ k=7 (7&lg) Jg|ft/'ci§. HT©S*^„ 

Z = C 2 
+ C 3 Y + C 4 I x 1 
+ C 5 Y 2 +C 6 Y I X I +C 7 X 2 
+ C 8 Y 3 +C 9 Y 2 I X I + C I0 YX 2 +Cn I X 3 I 
+ C I2 Y 4 +C 13 Y 3 I X I + C14Y 2 X 2 +C15Y I X 3 |+C 16 X 4 
+ C, 7 Y 5 +C 18 Y 4 I X I +C ia Y 3 X 2 +C20Y 2 IX 3 I 

+ C 21 YX 4 + C 22 I X 5 I 
+ C 23 Y 6 +C 24 Y 5 I X I +C 25 Y 4 X 2 +C 26 Y 3 IX 3 I 

+ C 27 Y 2 X 4 +C 28 Y I X 5 I +C 29 X 6 
+ C30Y 7 +C31Y 6 I X I +C 32 Y 5 X 2 +C33Y 4 IX 3 I 

+ C34Y 3 X 4 +C 35 Y 2 IX 5 I + C se YX 6 + C 37 I X 7 I 

• • • ( c ) 

~ 6 ©35 2 4 l , 2 4 r. m&m 7 — 9 2 5 l , 2 5 r. mmm 1 0 ~ 1 1 

®i2 3L, 2 3R) ^@©»^ffi(CTMltU^o C®i§£r« N SSfE 
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*mwtz&zM:fc&}te$im&\tLT, mmmi 6-3 o ©until 
mi 6te, n»u 6 (Dmi%M^m&m8i-&tztbcDm-£& i o, mi 6 (a 

) (MSScd^^^i^KWtS (Y-ZiTffi) t:£>«9. Ell 6 (b) (ttlSffl 
®^;^©^^^-7K¥lifffi^*)^o ETr\ H«'J1 7 — 2 8{co^T(i. ^tl 

^enm 1 7 — m 2 7i;, ii 6 (a) i mm^mmfD^m^i-yKw-^mm^ 

m-eomf&s <^/-? co^mz lt&&o mtt & h«j 1 6 — 2 8 <dm%m 
m&-£(DMf&'<^ mi 6 (b) K^-t&oi^ $b±±ym c^aid o 

sim imitnm^^m^KD^ ai^Bo mi 6 (b) ^1^412 4 r) k 

mi 6 (b) fete. :tDl^«U*^o ^»J1 7 — 2 8^t01 7 
H«J1 6 — 3 Ottt, d©Y- Z^S^-e^-ScD^^-oTfe^. ^fc. 

#isk Yfi^fsj. zfi^ft^ti^nx, y, z) ^©s©^fi (Sfifi 

®{:o^t«, Bute (a) 5£©Z$i, ^Elcoi^Ttt, I^IB (d) S:©Z$fi) 
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Z= (Y 2 /R) / [1 + {1 - (1 +K) Y 2 /R 2 } 1 /2 ] 

+ AY 4 +BY 6 + CY 8 +DY'° + 

• • • (d) 

-ti -en-en 4^ 6#r. 8#u l o&©#£*ffi&8re*5o c©^«5£©z$6 
•r'-^cDiea^nTi^.i^ssffiffi, ^wcMt^^io^So a 

ff$f^^ttt> d«g OSS 5 8 7. 5 6 nm) jcjsff & t> 0*^35 It* 3 0 
SiffiS©{-te©^a^;ch LT. HrflSO (b) ^ibtl^Ze rn i 

tltl^^ ±15 (b) (c) ^ffl^Tt^OftfflM^f b^l-50(i 

s-c. mi 6 (a) (cm«9, h»ji s&mmm* t(D±%tzm\,^t, y&m 

ig®©^3® 1 4 R, £3feISJfla«ffi<z>» 3 M 1 4 L, $ bi:l-tit»i4Sl 4 
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mmmom2ffii 2l©5®^^>^«9. ^^m^Mm^m a m i 4r> &t 

ESffliliiSolM ffi 1 4L(i, ^n^tt^KfflKIJBOSI 3 m 1 3L, £f3fr& 

^ar^ao lt, iiei i imm^mmKMLrmmmm, H4si 

4 R £ 1 4 L. f 2ffil 2Ril 2L t«BS©*tfMK:*j- LTffi^tcMT* 

ho m&B.^mi 1 3 ti, itm&ftit'J'v xa i o i ® i i cblt, ^?§ts 
. t-r, M^«t^'iXAi o©iu®i ikauu t<D^3timmmo 

H2ffil 2 RfcAI^LTS*t£*U &l^£?fcJ&fflSi®ffil 4L^^a6^S§ 
MMI^tffi©^3®l 3 RfcAI^LTSI^tU 4R£-igi®LT 
. I^ l JXA#2R{:A*tt^o AtfcmHl®2 1 R^igii Lt^ U XAft 
KAItfU ^2®2 2 RKW«nft£A±(DAMft-£XmLX±KM1Sti, i3®2 
3 RJcAfcfLTMRJfcfStt. 214352 4 RKBS#^T©AI^-?AI* LTfi 
fJr£tiT^>^UXAf#2 R^I^U ^ISffl©ttmffi4 R^^n. fl^W 
©^IS(cli{t^^3©i£A{t^I^^o £©i§£jc. EHt^J^ 1 3 ^ t> 
I^ttilK4 R^PJ^7fe£§*^ 1 [Hl^^^Mft^tl^o £BSffl©7fr&te, £BSffl© 

m l 7 ©WJ l 7 te, EI l ©IJI^J l t l^§-e£><5^\ 4^©7fr&Ji5a-tf $ 

vto^mmfcmm 1 r t^yt^m^mm 1 l w^n^ti u>xsr, sloi 
BSffi©7fes§^{-t^{ci^B^t-^>o £ai© i VKDm&^m? s ^©^^m, 

£tJ\ ; 7 - 1 O^ffl U >X 8 R©Alfffi 1 lL^AI^U S 
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mmi RTR*f<*ft, ntfAMffil lL^JfttiiU €^'JXA#:2Ri:Alf 
t5o AI^«^1S2 1 R&MM LTT" U X'ArtfcAlhf 1212 2 RfcEs 
^J^±©AI^TAI^tT^It^n, f 3S2 3 RlzAttL-cmffiRMZti 
, I4g2 4 R^^^J^T©AI^^AI^LT]S*fr^tiT^^y'JXA^2 R 

m 1 8 ©H»J 1 04 ©H;»J 4 t & o 

m 1 9 (D-mm® ij 1 9 m 5 ®»j 5 ^ mwx~& £ 0 
m 2 0 (Dmmm 20a, in 6 ©hwij 6 t i^re* £ 0 
0 2 1 (Dmmm 2 1 6 i ©a^ w*. u 00 

t^-e^«9, lilt^^s ©|i^#f|ij{c{igt-^m 1® 1 iritis®, f©Ii 

®1 ncBLT^TH^{cEt-^RI^ffi©^£§fflRI^®©l^2Sl 2Ri£ 

^fflsi^®©^2®i 2L, mimi ivmmmmmKmwztittytmm 

frmmomzmi 3 R££^E£ffl^ffi©f£3® 1 3L. H3S13R. 13L 
i^2 36l 2R, 1 2 L©r H 1©MiJ^Seg^tL/c^S§ffl^®©|^4® 1 4L 
. ^feS&ffljgiiiffiOfMffi 1 4R0 7l^b4^c Hi ffi 1 1 tM§S©*ffWfC 
^LtW^» i2El 2Ril 2 L . 3 ® 1 3Ril 3 L . I4ffil 
4Lil 4 RiiMBRcD^ffif^LTffi^/Sff^-eabSo iSft^^ 3 fi, 
7tF§ig55-^^ U XA 1 0 ©H 111 licELT, T^^tf^ U 1 0 ©tl^ 

mt\* mm Knm zti&o 

^mmcDm%&ixm&)temw^-&o ^m<d i^mmm^mT-z^'b commit 
, tr, ^isM^'iXAi o (Dm iffil itcAttL, ^(Dtiitzmmmo 

4 R^IItt, fob? >J XA|* 2 RKAM-f& 0 Altfcteil 1 
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Ai^LT^Ri^t^ti, 1312 3 RKAmLxmrnm^^n, 114352 4 rjcejs 
mm t mm** mm ku& 0 

EI 2 2©HJfe#iJ2 2te. EI 2 KD%mm2 1 
^-T^^BSffl, £BSffl©iS^y;XA{*2 R. 2 L©Itt£}®2 4 R, 24LiS 
BSffls £BSffl®IltB&s4 R. 4 L (Df^K^tl^nmm V >X 9 R t 9 L £@£g L 

02 3 ©HWiJ 2 EI 2 ©H«"J 2 £ nUX& £ o 

EI 2 4 (DW$m 2 4 1i, EI 2 <D|£&fe#iJ 2 £ |5)1f T?£> tl/>7'5 £-Jg£r U 

> x-£Mf& Iti^i. ^-e^^ a o 

EI 2 5 ©HJfefiJ 2 5 coUMm 1 £ ©A t ^isWi, ^©TfeS&f^tf ^ v - 1 

il{c^dx.t. ^ti^\zMthw,2(D-^immuj^m 1 r' tm2<D&3t$m& 
i^il' cho4®©mi^B^^^«9, m2<Dmmi r' in' liMBs©** 

, %&mftv 1 ©^^J^rai R{-Ai^tTHtt^n, 

m2©^^mSI^SlR' JcAlfLTSI^tU fe^'JXAft2 RfcAItt" 
&o AI^fctefFll®2 1 R^^LT^UXArt^AI^L, H 2 ® 2 2 Rtcfig^ 
^±©AI^TAIlLT£EI^$tl, H3®2 3 Rtc Aft uras^^n. 
f 4ffi2 4 R(c|^^OT©AI^-eA^LTjSfiT$nT^^'JXA{*2 R^ 
£>fimu ^SSffl©^tB®4R^^n> tl^©^§S{clj{t^^3cD^A 
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026 ©H»J 2 6 ii. 0 1 1 Ol»J 1 1 <h|S|i-e*5o 
EI 2 7 (DmMm 2 7(t 0 7 ©H!fe#iJ 7 £ M&-e*<5 0 fcrtf U £BKffl. £11 
ffl©SIS^^«^S<BiC^>;XA#:2 L, 2R0I2S2 2L, 22Ri 
24 Rii^n^tlll— ®SI*iB^fe>ttot^5o 
EI 2 8 ©H»J 2 8 te. 0 1 2 ©H»J 1 2 t mW^& £ 0 

02 9(c. *mmz£&nMm2 9-3 0 ©®&&^«©#i&e!&?jrro 0 

2 9JC*5l^T, lift^^^^-r^Sjft^^^-^3 T\ £|gffl©#fl±} 

M^'JXA^l OTito Ctlb©iS^UX^2R, 2L. 10(iIJf$ 

d©H»'J2 9-3 0 (t 0 2 9(C7K¥iT® (Y-ZBftffi) ^t=(;9^1^ 
^©^il^ii «9 ^ OilR^JcSiKi: 5 ^®) 2 0 lc^LT®^/S^-eab 

i®ft^^ : F3 om^mKiiLm^-^m 1 s 1 i^ig^®> ^©m®i 1 
©pffi!i-t?«^#ffl!it-(iit'r siRWSi trfpm-r ^immmm^m 2 m 1 
2 Rt&Mmmmcom 2mi 2L, ^ssmstt®©^ 2 ® 1 2RiM 
©zyfei&fflsirai 3L. ^Tfefgffl^^s©^ 2 s 1 2 l tm-momtmmm 

MM 1 3 R © 3 ffijfr* &tt5o 1 liPSB5©*H^ffi 2 0 fc*f LTS^^f 

t*C> 1211 2R (13L) t 1 2 L (13R) l«BK©*ffft® 2 0 {eft LT® 
*rafcttJ^"T*<5o lift^m^3(i, JfcKJg^yUXA 1 0©^1®1 lie 
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£Biffl ©T^^^f" £ diC^ 'J X A#: 2 R t £§Sffl § ^ 
fc-f U XA # 2 Li Jf^© & ©T\ MBg©*fffrE 2 0 C^LtS)(ffii:lS 

M£ft, flS2 1R (21L) , 2R ( 

22L) , I3@2 3R (23L) „ I4g2 4R (24L) ^^l^^tlT^ 
*K i2!2 2R (2 2L) iI4S2 4R (24L) ®^^^«9. ^(D 

m*. t-t, 3feKJS^t^'JXAl 0©iiil HcAlfU ZcDGJtS&mBLM 
ffi©l2El 2 R^AilLT£R#t£*U ^ESfflSiM 1 3R(12L)*S 

XAfticA&fU !£2ffi2 2 RlcBg^J^±oA^-^A*ftT^^$n, H 
3ffi2 3 RKAmLxmmm^stl, H4S2 4 RldGg#f^JBJtT©AI*fc-eAI* 

3^^I^mB14R^iii^7feE§^^l[El4:r B ^^ft$tL^o £HSfflo^ti. 
bOl^*tt 3III©K*f&gTiRI*lc^n*©-e, 2&&#fflSlc««rett < 
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«bd ^oso^in^o ^mlcd (^n^n^) ^m^^m^ 

i^6T\ EI 3 0 fc^f«fc ? H^^jR^ 3 ®^H&££IBffl:^£;£ 
BKffl#g&<hJ^#tfS^&$EW:7"U 1 0®l2ffil 2Ril 2LOl^ 
©SlWc&tt-SftSa (*fg|§©ll«^^a-e«. 3&HB©3fe»i£iB©3tK 

£><So ) ti. 

33°^a^70° •••(!) 
t^S^I/itci^L^o c©^fo£©TRS©3 3° £T0<S>*§£te 

4 0 ° ^ a ^ 6 0 ° •••(1-1) 

a: (1) il5l^-e*^o 

EI 3 Ofc^rTJ;?^ :&flRffl*tfcbttt 4 R ££BSffilt£iJffi 4 L ©cfi^Rg^ 

#tf:/y XA1 0 ©fl 2® 1 2 RtC^BBffl3tlS©3fettl*<AI*^-S^^*5ttS^2 
SI 2R0i?El 5<tWft)S, R0\ ¥®2 Oi^fiM^'JXAl 0 
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13° ^^24° •••(2) 
, — §|5©7fe|g^RIfft©^ 3 ® 1 3 R-?mi&-tt-flzmMLtzQ^ ii^^UXAf* 

ft < *£&o 
£ L < li, 

1 5° ^/3^2 2° • • • (2 - 1) 

^ (2) chiu^-e^^o 

17°^/3^20° •••(2-2) 

(2) tmm-e&Zo 

M©^£f ££Bgffl©M'l>^UXAj#2 R©I4i2 4 R i^^^i, £BS 

4®2 4 l tt)<^t>&&t(Dr3m&, ms m^Ltt^ ttz, 

R&£^te£|gE Lffl^iS^^U XA{*2 LOI4B2 4 R. 2 4 L&mM&& 

0. 3 ^D/L^ 0.5 • • • (3) 
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0 . 3 5 ^D/L^ 0.45 •••(3-1) 

(3) <t|^tre*£o 

3fcK«§D^^KI#»C*5©7f^ 1213 2 S 0 3 3 K^ft^ft±MWfeM2 9, 3 
ffilB©2tlfcE2 0 (02 9) }c*tLT. rS^ft?©Kl^i^S«k'5tc, £ISffl©;fc 

^7jki~ 0 cne>©njte^jt±. h»ji 6 — 21. 23 

~28 ©tt&iSftfcU 7K^ljft 10°. M¥!i}% 7 . 5 0 „ m&&\ 2 2 ©II 

7K¥^ii^ 12 0 , mm^mn 9 . 1 0 -e& f9 . njg^j 2 9 (Dumrn 
ftte, 7k¥-¥mft7° > mmmmns. 2 6° n»j3 oo^nm* 

% 7fc3£¥®ft7. 5°.^iS¥li^5. 6 4° -e*So Hi^Jl 6-2 8 

fefc^T, HHt^j^t^ ©^v# £ 8. 9x6. 7 mm"*?* $K HJfefll 2 9 ic 
*5l^T«\ 8. 9 4x6. 7 1 mm-e*^ HJfe^J 3 0 JC&^Tte. 8. 9 4x 
6. 7 lmmf*5o ffiHte. H»J 1 6 — 3 0 ^rTfc&^T. 4mmt^^o 

»J 3 0 ^IBlSt 3 4 mmfc^g^-r^o 

&:fc\ OT©^© " F F S " (iSSffiffi. "ASS" It&SHm. "RE" it 

Example 1 6 

Surface Radius of Surface Displacement Refractive Abbe's No. 

No. curvature separation and tilt index 

3 9 



WO 01/50180 



PCT/JP00/02549 



Object oo -1000.00 

plane 



1 oo (stop) 



2 


ASS® 






(1) 


1. 5254 


56. 2 


3 


F F S® (RE) 




(2) 


1. 5254 


56. 2 


4 


ASS® (RE) 




(1) 


1. 5254 


56. 2 


5 


FFS© 






(3) 






6 


F F S(3) 






(4) 


1. 5254 


56. 2 


7 


FFSg) (RE) 




(5) 


1 5254 


56 2 


8 


F F S(5) (RE) 




(6) 


1 5254 


56 2 


9 


CO 






(7) 






Image 


CO 






(8) 






plane 














ASS® 












R 


-61.00 












K 


0. 0000 












A 


-2. 8485 X10" 6 












B 


8. 9070 xlO" 9 
FF S® 












c 4 - 


-1. 2212X10" 2 


c 6 


-1. 2499X10" 2 


c 8 


-7. 2115X10 -6 




C 1 0 


3. 6893 xlO" 5 


C 




^ 1 3 


0 f\(\ r 70 \z- 1 A— 6 




C 1 5 


-3. 4462 xlO" 6 


c„ 


-1. 6344 xlO" 9 


C l 9 


-4. 1364 xlO" 8 




C 2 1 


-2. 0345 X10~ 8 

F F S(2) 












C 4 


1. 0330 xlO" 2 


c 6 


-2. 2053 xlO" 2 


c 8 


-8. 5243 xlO" 5 




C 1 0 * 


1. 3497X10 -3 


C, 


1. 1148 xlO" 4 


C l 3 


-2. 6040X1Q- 4 




C l 5 


3. 9230 xlO" 4 













FFS® 



4 0 



WO 01/50180 
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C 6 -8.8071 X10 
C, 6.3213X10- 7 



C 6 8.8071 X10- 3 
d -6. 3213X10" 7 



C 6 

Cm 



C -8. 5360 xl0~ 3 
Co 7.6086X10" 5 
C 15 1. 9455X10" 6 

F F S(D 
C 8. 5360 xlO' 3 
Co -7. 6086 xlO" 5 
C, 5 -1. 9455 xlO" 6 

F F S(D 
C 1. 2329 xlO" 2 
Co -1. 3809x10-" 
C 15 -3. 8832 xlO" 6 

Displacement and tilt(l) 

X 0. 00 Y 9.84 Z 32.73 

a -0.88 0 0. 00 r 0.00 

Displacement and tilt(2) 

X 0. 00 Y -0.48 Z 39.28 

a -30.61 0 0.00 r 0.00 

Displacement and tilt(3) 

X 0. 00 Y 16.17 Z 37.03 

a 35.52 0 0.00 r 0.00 

Displacement and tilt (4) 

X 0. 00 Y 19.39 Z 46.79 

a -91.71 0 0. 00 7 0.00 

Displacement and tilt (5) 

X 0. 00 Y 44.61 Z 46.79 

a -88.29 0 0.00 r 0.00 

Displacement and tilt (6) 

X 0. 00 Y 22.62 Z 55.56 



-3 



6. 7124 xlO" 3 
1.6628X10" 6 



C 7. 1801 xlO" 5 
Cis 8. 2333 xlO" 6 



C -7. 1801 xl0~ 5 
C, 3 -8. 2333 xlO" 6 



C -3. 9501 xlO" 5 
C 13 3. 6302 xlO -6 



4 1 
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a 136.79 13 0. 00 r 0.00 

Displacement and tilt (7) 
X 0. 00 Y 32.00 Z 33.76 
a -180.00 & 0.00 7 0.00 

Displacement and tilt (8) 
X 0. 00 Y 32.00 Z 29.64 
a -180.00 /3 0.00 r 0.00 



F y u inn 1 p 


1 7 








Surf a pp 


Ra H i n <; nf 


Surfflpp 


D i <sD 1 a ppmpn t 


Rpfrartivp Ahhp* ^ 


No 


nirvfl tiirp 

t 111 Vd l III c 


cpna ra t i on 


and tilt 

u- 11 LI Lilt 


i n {\py 

1 IIUC-A 


Object 


OO 


-1000. 00 






n 1 a np 










1 


oo (Stop) 








2 


ASS® 




(1) 


1 5254 56 2 


3 


F F S(D (RE) 




(2) 


1 5254 56 2 


4 


ASS® (RE) 




(1) 


l. 5254 56. 2 


5 


FFSd 




(3) 




6 


FFS® 




(4) 


1. 5254 56. 2 


7 


FFS(D (RE) 




(5) 


1. 5254 56. 2 


8 


FFS® 




(4) 




Image 


OO 




(6) 




plane 


ASS® 








R -95. 45 








K 


0. 0000 








A 


-6. 5740 xlO" 8 








B 


1. 3849X10" 9 









4 2 



WO 01/50180 



PCT/JP00/02549 







F F SCD 












c 


4 


-1.0306XKT 2 


Ce 


-1.0412XKT 2 


C 8 


2. 0096x10" 


•5 


c 


1 0 


2. 8787 xl(T 5 


C , i 


-7. 7967 xlO" 7 


C l 3 


-2. 3996x10" 


•6 


c 


1 5 


-2. 6208 xlO" 6 


C ,7 


-6. 0108 xlO" 8 


C 1 9 


1. 1907X10" 


8 


c 


2 1 


1.4876X10" 8 

F F S (2) 












c 


4 


-7. 5538 xlO" 3 


C 6 


6. 2696 xlO -4 


c 8 


1.3858x10" 


3 


c 


1 0 


2. 0287 xlO" 3 


Cn 


8. 0303 xlO" 5 


C 1 3 


-1. 5350x10" 


4 


c 


1 5 


-6. 5070 xlO" 5 

FFS® 












c 


4 


-7. 6923 xlO" 2 


Ce 


-9. 3217 xlO -3 


C 8 


3. 8760x10" 


3 


c 


1 0 


-9. 4736 xlO" 4 


C ! , 


-7. 2844 xlO -4 


C l 3 


6. 5675X10" 


4 


c 


1 5 


-4. 9359 xlO" 5 












c 


4 


-1. 1587 xlO" 2 


Ce 


1. 1772 xlO -2 


c 8 


1.0849x10" 


3 


c 


1 0 


-1. 8206 xlO" 4 


Cm 


-5. 4651 xlO" 4 


C l 3 


1.7195X10" 


4 


c 


1 5 


-1. 3202X10- 5 













Displacement and tilt(l) 
X 0. 00 Y 9.05 Z 39.11 
a 10.70 & 0. 00 7 0.00 



Displacement and tilt(2) 

X 0. 00 Y 0.24 Z 48.07 

a -21.35 y8 0. 00 r 0.00 

Displacement and tilt (3) 

X 0. 00 Y 19.03 Z 43.57 

a 92.98 /3 0.00 r 0.00 

Displacement and tilt (4) 

X 0. 00 Y 35.65 Z 58.02 



4 3 
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PCT/JP00/02549 



a -145.94 0 0.00 r 0.00 

Displacement and tilt(5) 

X 0.00 Y 39.28 Z 61.80 

a -147.29 0 0. 00 r 0.00 

Displacement and tilt <6) 

X 0. 00 Y 32.00 Z 38.00 

a 0. 00 0 0.00 7 0.00 



p v q mn 1 P 
Lj a amp i c 


1 8 








Sii r f a pp 


Rfl d i it q nf 

IV Cl U i U O U I 


Siirfarp 

uui i ate 


D i <;ri 1 A rpmpn t 

1/1 O^l CL C. UlC 11 1, 


Rpfrartivp Ahhp' ^ 


No 


piirvfl. t nrp 

UUl V (I I U 1 \j> 


<iPD?tra. t i nn 

O V> J-f CL- 1 CL I I VJ 1 1 


and tilt 

CA 11 vl U 1 1 L 


i nilpx 


Object 


oo 


-1000. 00 






n 1 a n p 

^ 1 (X 11 c 










1 


~ (Stop) 








2 


ASS® 




CI) 

\ J- / 


1 5254 56 2 


3 


F F S(D (RE) 




(2) 


1 5254 56 2 


4 


ASS® (RE) 




(1) 


1. 5254 56. 2 


5 


FFS© 




(3) 




6 


FFS© 




(4) 


1. 5254 56. 2 


7 


FFS® (RE) 




(5) 


1. 5254 56. 2 


8 


FFS© 




(6) 




Image 


OO 




(7) 




plane 


ASS® 








R -99. 17 








K 


0. 0000 








A 


•5. 1344 X10" 6 








B 


5. 4560 X10- 9 









WO 01/50180 



PCT/JP00/02549 





FFS® 












c 4 


-1.3402X10- 2 


C 6 


-1. 1018X10" 2 


C 8 


2. 9828x10" 


-6 


C l 0 


-4. 6829 xlO" 6 


c , , 


-2. 4079 xlO" 6 


C i 3 


-3. 1115X10" 


•6 


C i 5 


-2. 2505 xlO" 6 


C 17 


1. 0452 xlO" 7 


C l 9 


1. 1084X10" 


•7 


C 2 1 


2. 6833 xlO" 8 

FFS© 












c 4 


-1. 9489 xlO" 2 


c 6 


-3. 8808 xlO" 3 


c 8 


4. 8522x10- 


3 


C l 0 


4. 8858 xlO" 3 


C, 


1. 8575 xlO" 4 


C 1 3 


-7. 7300x10" 


4 


C, 5 


-6. 0291x10-" 

F F S(3) 












c 4 


-8. 6443 xlO" 2 


Ce 


-3. 9460 xlO" 2 


C 8 


8. 0248x10" 


3 


C i o 


9. 1640 xlO" 3 


C i , 


-6. 2318 xlO" 5 


C l 3 


1. 4493X10" 


3 


C i 5 


1. 6706 xlO~ 3 

FFS© 












c 4 


1. 9984 XlO" 2 


c 6 


1. 7719X10 -2 


C 8 


2. 2720x10" 


4 


^ 1 0 




^ 1 1 


0. 14U / X1U 


V-/ 1 3 




5 




-1.4916X10" 6 

F F S© 












C 4 


-1. 0029X10" 2 


C 6 


4.6836 xlO- 3 









Displacement and tilt(l) 

X 0. 00 Y 12.74 Z 36.00 

a 2.52 /3 0.00 r 0.00 

Displacement and tilt(2) 

X 0. 00 Y -0.37 Z 45.03 

a -28.87 0 0. 00 r 0.00 

Displacement and tilt (3) 

X 0. 00 Y 20.71 Z 40.51 

a 74.60 B 0. 00 y 0.00 



WO 01/50180 
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Displacement and tilt (4) 

X 0. 00 Y 22.61 Z 41.95 

a -113.38 /3 0. 00 r 0.00 

Displacement and tilt(5) 

X 0. 00 Y 38.54 Z 52.07 

a -144.30 $ 0. 00 y 0.00 

Displacement and tilt(6) 

X 0. 00 Y 32.00 Z 36.77 

a 0.00 /3 0.00 7 0.00 

Displacement and tilt (7) 

X 0. 00 Y 32.00 Z 30.00 

a 0.00 /3 0.00 r 0.00 



Example 


1 9 










Surface 


Radius of 


Surface 


Displacement 


Refractive 


Abbe' s 


No. 


curvature 


separation 


and tilt 


index 




Object 


oo 


-1000. 00 








plane 












1 


°° (Stop) 










2 


ASS® 




(1) 


1. 5254 


56.2 


3 


FFS® (RE) 




(2) 


1. 5254 


56.2 


4 


ASS® (RE) 




(1) 


1. 5254 


56.2 


5 


FFS© 




(3) 






6 


FFS© 




(4) 


1. 5254 


56.2 


7 


FFS® (RE) 




(5) 


1. 5254 


56.2 


8 


FFS® 




(6) 






Image 


oo 




(7) 







plane 



WO 01/50180 



PCT/JP00/02549 





ASS® 




R 


371. 46 




K 


0. 0000 




A 


-8. 4688 xlO" 7 




B 


2. 9089X10- 10 






FFS® 




c 4 


-6. 3820 xlO" 3 


c 6 


C l 0 


-2. 7485 xlO" 6 


C, 


C l 5 


2. 8823 xlO" 6 


c 17 


C 2 1 


-1.5498X10- 8 






FFS© 




c 4 


-4. 0226 xlO" 2 


c 6 


C l o 


6. 0781 XlO" 3 


Cm 


C l 5 


2. 1572X10" 4 






FFS® 




c 4 


-2. 0127 xlO" 2 


c 6 


C l o 


-1. 0645 xlO" 4 


C, 


C l 5 


-1.4532X10" 6 






FFS® 




C 4 


2. 0127 xlO" 2 


c 6 


p 

^ I 0 


1 0645 xlO -4 


C i i 

^ 1 1 


C l 5 


1.4532 xlO" 6 






FFS© 




c 4 


2. 3952X10-' 


c 6 



-8. 9287X10 
C ! , -5. 1745 x 10 
3. 2184x10 



-3 


c 


8 


-6 


c 


1 3 


-7 


c 


1 9 



-3. 3297 XlO" 2 
7. 4789 XlO" 4 



1.4009 xlO" 2 



1.4009x10 



-2 



6. 3371 X10" 
Displacement and tilt(l) 
X 0.00 Y 20.12 Z 35.02 
a 6.83 /3 0.00 r 0.00 
Displacement and tilt(2) 



-7. 5189X10" 5 

_c r\f\oo vin-7 



C 8 2. 4201 XlO" 3 
C, 3 -3. 2635X10-" 



C 8 -1.3093X10- 3 
C13 -2. 8818X10" 5 



C 8 1.3093 xlO" 3 
Cis 2. 8818X10" 5 



4 7 



WO 01/50180 
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X 0.00 Y 0.52 Z 47.68 

a -27.07 0 0. 00 r 0.00 

Displacement and tilt(3) 

X 0. 00 Y 27.52 Z 37.59 

a 76.08 0 0. 00 r 0.00 

Displacement and tilt(4) 

X 0. 00 Y 29.00 Z 40.96 

a -118. 18 0 0.00 r 0. 00 

Displacement and tilt(5) 

X 0. 00 Y 35.00 Z 40.96 

a -61.82 0 0.00 r 0.00 

Displacement and tilt (6) 

X 0. 00 Y 32.00 Z 50.73 

a -180.00 0 0. 00 r 0.00 

Displacement and tilt(7) 

X 0. 00 Y 32.00 Z 58.00 

a -180.00 0 0. 00 7 0.00 



Example 2 0 
Surface Radius of 
curvature 



No. 
Object 
plane 



oo 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 
-1000. 00 



1 


°° (Stop) 








2 


ASS® 


(1) 


1. 5254 


56.2 


3 


FFS® (RE) 


(2) 


1. 5254 


56.2 


4 


ASS® (RE) 


(1) 


1. 5254 


56. 2 


5 


FFS© 


(3) 







4 8 



WO 01/50180 



PCT/JP00/02549 



6 FFS© 

7 FFS® (RE) 

8 FFS© (RE) 



9 


FFS® 




Image 


oo 




plane 






ASS® 




R 


-78. 87 




K 


0. 0000 




A 


6. 3888 xlO" 6 




B 


-6. 7614 xl0~ 9 






FFS® 




c 4 


-1. 3820X10" 2 


C 6 


C l 0 


-8. 6079 xlO" 5 


C 1 1 




-3. 9837 xlO" 6 


C ,7 


C 2 1 


8. 4257 xlO" 8 






FFS© 




c 4 


-4. 8112X10" 2 


C 6 


C i 0 


-1. 4147X10" 3 


c , , 


C l 5 


-1. 8265X10' 5 






FFS® 




c • 


-2. 4894 xlO" 2 


p 

v~> 6 


C l 0 


8. 7223 xlO" 3 


Cm 


C 1 5 " 


-1. 7955 xlO" 4 






FFS® 




c 


1.4510X10- 2 


c 6 


C 1 0 " 


-3. 3021 xlO" 5 


c„ 


C 1 5 


5. 6476 xlO" 6 





9. 5456X10 



2. 2437 xlO" 2 
1. 1201 xlO" 3 



1.7719X10" 3 
-2. 5693 XlO" 3 



1.4974 xlO" 2 
6. 7340 xlO" 6 



(4) 
(5) 
(6) 
(7) 
(8) 



1. 5254 56. 2 

1. 5254 56. 2 
1. 5254 56. 2 



-2 


c 8 


-5. 


9146X10- 5 


- 6 


Ca 


-3. 


9389 xlO" 6 


-8 


C l 9 


2. 


5646 xlO -7 



C 8 1.2629 xlO" 2 
C, 3 -4. 2802 XlO" 3 



C 8 1.3030 xlO" 2 
C 13 2. 0937 xlO" 3 



C 8 6. 3447 xlO" 5 
C 13 1.3268 xlO" 5 



4 9 



WO 01/50180 



PCT/JP00/02549 



F F S(D 

C 4 -5. 0177X10" 3 C 6 4.2398x10 
C 13 1. 7182XKT 5 Cis 7.8122X10 
FF S© 

C 4 6. 6144 xlO" 2 C 6 3.1372x10 
C 13 -2. 1336X10" 4 C 15 -4.3706X10 

Displacement and tilt(l) 
X 0. 00 Y 13.06 Z 30.44 
a 4. 48 0 0.00 y 0.00 

Displacement and tilt (2) 
X 0. 00 Y -0.13 Z 38.51 
a -29.74 0 0.00 7 0.00 

Displacement and tilt(3) 
X 0. 00 Y 17.85 Z 32.43 
a 74.33 0 0.00 r 0.00 

Displacement and tilt(4) 
X 0. 00 Y 19.17 Z 33.07 
a -102.30 0 0. 00 r 0.00 

Displacement and tilt (5) 
X 0.00 Y 44.66 Z 43.01 
a -133.87 $ 0.00 r 0.00 

Displacement and tilt(6) 
X 0. 00 Y 32.00 Z 30.30 
a -180.00 0 0. 00 r 0.00 

Displacement and tilt(7) 
X 0. 00 Y 32.00 Z 48.57 
a 0. 00 0 0. 00 r 0. 00 

Displacement and tilt(8) 



3 Cm 1.3297X10- 5 

6 

2 C,i 5.4070X10" 4 

4 



WO 01/50180 
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X 0. oc 


i Y 32.00 Z 


53. 57 








a 0. 00 


• £ 0. 00 r 


0. 00 








Example 2 


1 










Surface 


Radius of 


Surface 


Displacement 


Refractive Abbe' s 


No. 


curvature 


separat ion 


and tilt 


index 




Object 


CO 


-1000. 00 








plane 












1 


«> (Stop) 




(1) 






2 


ASS® 




(2) 


1. 5254 


56. 2 


3 


F F S® (RE) 




(3) 


1. 5254 


56.2 


4 


A S S® (RE) 




(2) 


1. 5254 


56.2 


5 


F F S(D 




(4) 






6 


FFS® 




(5) 


1. 5254 


56. 2 


7 


r r o Kk) v Xv JO/ J 






1. 5254 


56. 2 


8 


F F S(D (RE) 




(7) 


1. 5254 


56.2 


9 


FFS© 




(8) 






Image 


CO 




(9) 







plane 

ASS® 

R -93. 13 
K 0. 0000 
A -7. 3153X10" 6 
B 1. 0465 xl0~ 8 



FFS® 



C 4 


-1. 2530 xlO" 2 


c 6 


-1. 


0935 xlO" 2 


c 8 


4. 


3572xl0~ 5 


C l 0 


5. 6790 xl0~ 5 




-4. 


6759 xl0~ 6 


C i 3 


-5. 


7024 xl0~ 6 


C,5 


-2. 5865 X10" 6 


c 17 


5. 


1708 xlO" 8 


C 1 9 


4. 


7739 xl0~ 8 



5 1 



WO 01/50180 
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C 6 -1. 3001 xlO" 2 
Cn 6. 8259 xlO" 4 



C 6 -1.3978X10 
Cm -2. 1473 xlO" 3 



C 4 

C 1 0 
C 1 5 



C 6 9. 8479 xlO" 3 
d 6. 0476 xlO" 6 



C 2 i 4. 8274 xlO" 8 

FFS© 
C 4 2. 1276 xlO" 2 
Co -4. 0940 xlO" 3 
C 15 -4. 9525 xlO' 5 

FFS® 
C 4 -7. 7818 xlO" 2 
Co -3.6125X10- 3 
C, B 2. 1472 xlO" 4 

F F S© 
1.7708 xlO" 2 
1. 4710X10- 6 
7. 9647 XlO" 6 

F F S(5) 
C 4 -3. 2083 xlO" 3 
Co -4. 7983 xlO" 4 
1. 5623X10- 5 

F F S© 
-1. 2690X10" 2 
Displacement and tilt(l) 
0.00 Y 0. 00 Z 0.00 
0.00 0 0. 00 7 0.00 
Displacement and tilt (2) 
0.00 Y 11.12 Z 31.05 
6.41 13 0. 00 7 0.00 
Displacement and tilt (3) 
X 0. 00 Y -0.11 Z 39.90 
a -26.24 B 0. 00 7 0.00 



-2 



-2 



C 6 -1.1682x10 
C, 3. 2203 xlO" 5 



C, B 

C 

X 
a 

X 
a 



1. 2046x10 



- 2 



C 8 1.2698 xlO" 2 
C13 -1. 1193X10" 3 



C 8. 2943 xlO" 3 
C, 3 1. 6422X1Q- 3 



C 4. 2747 xlO" 5 
C3 9. 5455 xlO" 6 



C -3. 8379 xlO" 4 
C 13 2.4146X10" 5 



5 2 



WO 01/50180 
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Displacement and tilt C4) 

X 0. 00 Y 19.37 Z 34.98 

a 52.37 $ 0.00 r 0.00 

Displacement and tilt (5) 

X 0. 00 Y 19.70 Z 35.09 

a -124.03 0 0. 00 y 0.00 

Displacement and tilt(6) 

X 0. 00 Y 41.67 Z 44.93 

a -137.82 /3 0. 00 7 0.00 

Displacement and tilt (7) 

X 0. 00 Y 36.67 Z 30.00 

a -176.69 J3 0. 00 7 0.00 

Displacement and tilt(8) 

X 0. 00 Y 32.00 Z 48.79 

a 0.00 /3 0.00 7 0.00 

Displacement and tilt(9) 

X 0. 00 Y 32.00 Z 51.01 

a 0.00 /3 0.00 7 0.00 

Example 2 2 

Surface Radius of Surface Displacement Refractive Abbe's No. 

No. curvature separation and tilt index 

Object °° -1000.00 



plane 



00 (Stop) 



(1) 



2 



OO 



(2) 



1. 4924 



107.9 



4 



3 



ASS® 
ASS© 



(3) 



(4) 



1. 5254 



56.2 



5 3 



WO 01/50180 



PCT/JP00/02549 



5 


F F S(D (RE) 




(5) 


1. 5254 


56.2 


6 


ASS© (RE) 




(4) 


1. 5254 


56.2 


7 


F F S(2) 




(6) 






8 


F F S(3) 




(7) 


1. 5254 


56. 2 


9 


FFS® (RE) 




(8) 


1. 5254 


56. 2 


10 


F F S© (RE) 




(9) 


1. 5254 


56.2 


11 


FFS© 




(10) 






Image 


oo 




(11) 






plane 












ASS® 










R 


-31. 17 










K 


0. 0000 










A 


-2 3392 xl0~ 6 










B 


1.4417X10- 8 
AS S© 










R 


-104. 32 










K 


0. 0000 










A 


-1. 1160X10" 5 










B 


1. 3866 xlO~ 8 
F F S(D 










c 4 - 


-1. 1076X10" 2 C 6 


-9. 7026 xlO" 3 


c 8 


1. 2453X10-" 




C 1 0 


8. 6331 xlO" 5 

FFS© 










c 4 - 


-2. 6908 xl0~ 2 C 6 


-2. 2030 xlO- 2 


c 8 


3. 0544 xlO" 3 




C l 0 


-2. 0443x10- 3 











FFS® 

C 4 -4. 7273 xlO" 2 C 6 -2. 9318 xlO" 2 C 8 4. 8533 xlO" 4 
Cio -2. 1511X10- 3 



5 4 



WO 01/50180 



PCT/JP00/02549 



-1. 1004 xlQ- 2 



7. 4722X10 



F F S(D 
C 4 1. 3337X10" 2 C 
C 10 3. 2236X10" 5 

F F S© 
C 4 -7.4443X10- 3 C 
C 10 -2. 7416X10" 4 

F F S© 
C 4 8. 1792X10- 3 C 

Displacement and tilt(l) 
X 0. 00 Y 0.00 Z 0.00 
a 0. 00 & 0.00 7 0.00 

Displacement and tilt(2) 
X 0. 00 Y 0.00 Z 25.00 
a 0. 00 J3 0.00 7 0.00 

Displacement and tilt (3) 
X 0. 00 Y 0.00 Z 29.43 
a 0. 00 /3 0.00 7 0.00 

Displacement and tilt(4) 
X 0. 00 Y 10.49 Z 30.94 
a 6. 19 13 0. 00 r 0. 00 

Displacement and tilt(5) 
X 0. 00 Y -0.10 Z 40.19 
a -24.76 £ 0.00 r 0.00 

Displacement and tilt(6) 
X 0.00 Y 18.51 Z 35.34 
a 55.35 0 0.00 r 0.00 

Displacement and tilt(7) 
X 0. 00 Y 19.05 Z 35.60 



7.7917X10 -3 C 8 5. 2903 xlQ- 6 



-3 



C 8 -3.4435X10- 4 



5 5 



WO 01/50180 



PCT/JP00/02549 



a -111.46 $ 0.00 


7 0. 00 






Displacement and 


tilt C8) 






X 0. 00 Y 41.39 


Z 45. 63 






a -142.01 & 0.00 


7 0. 00 






Displacement and 


tilt (9) 






X 0. 00 Y 38. 56 


Z 29. 81 






a 177. 05 J3 0. 00 


7 0. 00 






Displacement and 


tilt C10) 






X 0. 00 Y 32.00 


Z 49. 26 






a 0.00 /3 0.00 


7 0. 00 






Displacement and 


tilt(ll) 






X 0. 00 Y 32.00 


Z 51. 37 






a 0. 00 /5 0. 00 


7 0. 00 






Example 2 3 








Surface Radius of 


Surface Displacement 


Refractive Abbe' s 


No. curvature 


separation and tilt 


index 




Object 00 


-1000. 00 






plane 








1 °° (Stop) 








2 ASS® 


(1) 


1. 5254 


56. 2 


3 F F S® (RE) (2) 


1. 5254 


56.2 


4 ASS® (RE) (1) 


1. 5254 


56. 2 


5 F F S© 


(3) 






6 FF S(3) (RE) (4) 






7 9. 36 


(5) 


1. 5254 


56.2 


8 ASS© 


(6) 






Image °° 


(7) 







WO 01/50180 



PCT/JP00/02549 



plane 

ASS® 

R -112.57 
K 0. 0000 
A 1. 2804X10- 7 

B 1.9023X10" 9 
ASS© 

R 17. 18 
K 0. 0000 

A -1. 1585X10" 4 
B 4. 5485 xlQ- 6 





FFS® 














c 4 


-1. 0758X10" 2 


C 6 


-1.0721 x10- 


•2 


c 8 


7.6154x10" 


■5 


C i 0 


-1. 9106X10" 5 


C„ 


4. 9749X10- 


6 


C 1 3 


-5. 3415x10" 


6 


C,B 


-2. 8610 xlO" 6 


C, 7 


1.3623x10" 


7 


C l g 


2. 9234X10" 


8 


C 2 1 


-5. 0012 xlO" 9 

FFS© 














c 4 


-4. 2973 xlO" 2 


c 6 


3. 8451x10- 


2 


c 8 


3. 6896x10" 


3 


C i 0 


5. 7252 xl0~ 3 


Cm 


1.4826X10" 


4 


C l 3 


-1. 1264x10" 


3 


c 15 


4. 7888 xlO" 4 

FFS© 














c 4 


2. 0862 xlO" 2 


c 6 


1.8162x10" 


2 


c 8 


1.4311x10" 


4 


C l 0 


-2. 1971 XlO -5 


C 


1.3347X10" 


5 


C 1 3 


2. 3775X10" 


5 


C 1 5 


7. 6542 xlO" 6 















Displacement and tilt(l) 



X 0. 00 Y 12.30 Z 38.14 
a -1.09 B 0. 00 r 0.00 
Displacement and tilt (2) 

5 7 



WO 01/50180 



PCT/JP00/02549 



X 0.00 Y -0.33 Z 45.00 
a -31.99 0 0. 00 r 0.00 

Displacement and tilt(3) 
X 0.00 Y 19.10 Z 42.18 
a 78.03 0 0.00 r 0.00 

Displacement and tilt(4) 
X 0. 00 Y 39.78 Z 60.30 
a -147.16 J3 0. 00 r 0.00 

Displacement and tilt (5) 
X 0. 00 Y 32.00 Z 40.06 
a 0. 00 /3 0.00 r 0.00 

Displacement and tilt(6) 
X 0. 00 Y 32.00 Z 37.55 
a 0.00 /3 0.00 7 0.00 

Displacement and tilt(7) 
X 0. 00 Y 32.00 Z 31.96 
a 0.00 /3 0.00 7 0.00 



Example 2 4 
Surface Radius of 
curvature 



No. 
Object 
plane 



oo 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 
-1000. 00 



1 


°° (Stop) 








2 


ASS® 


(1) 


1. 5254 


56.2 


3 


FF S® (RE) 


(2) 


1. 5254 


56.2 


4 


ASS® (RE) 


(1) 


1. 5254 


56.2 


5 


FFS© 


(3) 







5 8 



WO 01/50180 



PCT/JP00/02549 



6 


FFS© (RE) 






(4) 




7 


10. 00 






(5) 


1. 7400 


8 


-30. 00 






(6) 


1. 4875 


9 


20. 00 






(7) 




Image 


OO 






(8) 




plane 












ASS® 










R 


-755. 72 










K 


0. 0000 










A 


-3. 0223 X10" 6 










B 


3. 6982 xlO" 9 
FFS® 










c 4 


-1. 3291X10" 2 C 6 


-9. 1362x10" 


•3 


c 8 


1. 3010X10" 5 


C i 0 


-4. 7998 xlO" 5 Ci, 


3. 8631x10" 


6 


C l 3 


1. 2388X10" 6 


C 1 5 ' 


-1. 7387X10" 6 C17 


4. 1889x10" 


7 


C 1 9 


3. 3450 xlO' 8 


C 2 1 


1. 5434 xlO" 8 

FFS© 










c 4 


-4. 9441 xlO" 2 C 6 


5. 0481x10" 


2 


c 8 


-1. 8555X10" 3 


C l 0 


1.1867 xlO" 3 Cm 


-1.0276X10" 


3 


C 1 3 


2. 6209 xlO" 3 


C, B 


1. 5800X10-" 

FFS® 










c 4 


2. 1838 xlO" 2 C 6 


2. 0822X10" 


2 


C 8 


1. 5599 xlO" 4 


C l 0 


2. 2274 xlO" 5 Cm 


1. 7287X10- 


5 


C l 3 


3. 1039 xlO" 5 


C 1 5 


1.7347 xlO" 5 












Displacement and tilt(l) 








X 


0.00 Y 15.24 Z 


38. 77 








a 


2.68 0 0. 00 r 


0. 00 









45.0 
70. 2 



Displacement and tilt(2) 



5 9 



WO 01/50180 



PCT/JP00/02549 



X 
a 

X 



X 0. 00 Y 0.01 Z 47.98 
a -29.39 0 0.00 r 0.00 
Displacement and tilt(3) 
0.00 Y 22.36 Z 42.21 
83.11 0 0.00 7 0.00 
Displacement and tilt(4) 
0.00 Y 38.88 Z 54.46 
a -145.16 0 0. 00 r 0.00 
Displacement and tilt (5) 
0.00 Y 32.00 Z 34.24 
0.00 0 0. 00 r 0.00 
Displacement and tilt(6) 
0. 00 Y 32. 00 Z 33. 17 
0.00 0 0.00 r 0.00 
Displacement and tilt CT) 
0.00 Y 32.00 Z 30.48 
0.00 0 0.00 7 0.00 
Displacement and tilt(8) 
0.00 Y 32.00 Z 28.00 
0.00 0 0. 00 7 0.00 



X 
a 

X 
a 

X 
a 

X 

a 



Example 2 5 

Surface Radius of 

No. curvature 

Object 00 

plane 

1 ~ (Stop) 

2 ASS® 



Surface Displacement Refractive Abbe's 
separation and tilt index 
-1000. 00 



(1) 



1. 5254 



56. 2 



6 0 



WO 01/50180 



PCT/JP00/02549 



3 
4 
5 
6 
7 

Image 
plane 



F F S(D (RE) 
ASS® (RE) 
FFS(D 
FFS® (RE) 
FFS® (RE) 



R 
K 
A 
B 



ASS® 

-142. 30 
0. 0000 

-7. 9459 xlO" 6 
4. 5193 xlO" 9 
FFS® 



C, 5 5. 7816X10" 6 

FFS® 
C 4 -4. 2215 xlO" 3 C 6 
Cio -2. 5259 xlO" 4 C„ 
Cis -7. 8520 xlO" 6 

Displacement and tilt(l) 



1.0692 xlO" 2 
5. 9277 XlO" 6 



(2) 
(1) 
(3) 
(4) 
(5) 
(6) 



1. 5254 
1. 5254 



C 4 


-1. 5782X10" 2 


Ce 


-9. 2595 xlO" 3 


C 8 


C 1 o 


4. 5249 xlO" 5 




1.0602 xlO" 5 


C 1 3 


C i 5 


-4. 4525 xlO" 6 


C,7 


-5. 8969 xlO- 8 


C i g 


C 2 1 


1. 2837 xlO" 7 










FFS© 








C 4 


-4. 8446 xlO" 2 


C 6 


-8. 3829 xlO" 3 






FFS© 








c 4 


1. 6543 xlO" 2 


c 6 


9. 5400 xlO" 3 


c 8 


C 1 0 


-1. 8587X10" 5 


d 


5. 3062 xlO" 6 


C 1 3 



8. 4720X10 



-5 



1. 8760X10 



-7 



-1. 0953x10-" 
7. 9992 xlO" 6 



-4 



C 8 -3.6896x10 
C 13 -1.3516X1Q- 5 



56.2 
56.2 



6 1 



WO 01/50180 



PCT/JP00/02549 



X 0. 00 Y 11.67 Z 32.96 
a -1.41 B 0.00 r 0.00 

Displacement and tilt(2) 
X 0. 00 Y -0.45 Z 40.56 
a -30.45 $ 0. 00 r 0.00 

Displacement and tilt <3) 
X 0.00 Y 18.56 Z 37.77 
a 33.95 $ 0. 00 r 0.00 

Displacement and tilt(4) 
X 0. 00 Y 43.39 Z 48.16 
a -135.03 0 0. 00 r 0.00 

Displacement and tilt (5) 
X 0. 00 Y 36.28 Z 31.09 
a 6. 39 J3 0.00 r 0.00 

Displacement and tilt C6) 
X 0. 00 Y 32.00 Z 55.72 
a 0.00 /3 0.00 r 0.00 



Example 2 6 
Surface Radius of 
curvature 



No. 
Object 
plane 

1 

2 

3 

4 

5 



OO 



°° (Stop) 
F F S® 
F F S(D (RE) 
FFS(D 
F F S(D 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 
-1000. 00 



(1) 
(2) 
(3) 
(4) 



1. 5254 
1. 5254 

1. 5254 



56.2 
56. 2 

56.2 



6 2 



WO 01/50180 



PCT/JP00/02549 



6 FFS© (RE) 

7 FF S© 
Image 00 

plane 

FF S® 
C -6. 2629X10- 3 C 6 
Cio -1. 2581 xlO" 4 Cm 
C 15 1.4501 X10" 6 
FFS(D 
C 4 -1.3276 xlO" 2 C 6 
Co -1. 3499X10- 4 d 
C 15 -2. 4589 XlO" 6 C 7 
Cai -1.8143X10" 8 

FFS© 
C 4 -2. 1469X10 -2 C 6 
Co -3. 2678XKT 3 C, 
C, B -3. 5647 xlO" 4 

F F S(D 
C -1.1648X10" 1 C 6 
Co 1. 9930 xlO" 3 C„ 
Cib 9. 9925 xlO" 4 

FFS© 
C 4 1.9541 xlO" 2 Co 
Co -5. 5991 xlO" 5 Cm 
Cib 3. 8394 xlO" 6 

FFS© 
C 4 1.9172 xlO" 2 C 6 
C 3 -2. 6951 xlO" 5 Cb 







(5) 


1. 5254 








(6) 










(7) 






3. 3796X10' 


- 4 


C 8 


3. 9666x10" 


- 4 


2. 6158x10" 


-6 


C l 3 


3. 2906x10" 


-5 


■9. 4693x10" 


-3 


c 8 


-8. 4725x10" 


-5 


2. 9102X10" 


-6 


C 1 3 


-2.0112x10" 


6 


4. 4244X10" 


-9 


C l 9 


-4. 8328X10" 


8 


3. 3694X10" 


2 


C 


-1. 6179x10" 


3 


7. 9899x10" 


5 


C l 3 


-1. 7505X10" 


4 


4. 0332X10" 


2 


C 


-1. 1348x10" 


3 


8. 3579x10" 


4 


C l 3 


8. 0595X10 - 


4 


1.6255X10- 


2 


c 8 


-1. 0516X10" 


5 


A RR9RX10 - 
t. UOi-iU A. 1U 


6 


1 3 


1 9743x10" 


5 


3. 2175x10" 


2 


C, 


9. 6401 x10- 


5 



1. 6440 xlO" 4 



WO 01/50180 



PCT/JP00/02549 



Displacement and tilt(l) 

X 0. 00 Y 0.00 Z 32.45 

a -13.66 0 0. 00 r 0.00 

Displacement and tilt(2) 

X 0. 00 Y -1.36 Z 48.79 

a -33.83 0 0. 00 r 0.00 

Displacement and tilt(3) 

X 0.00 Y 12.70 Z 41.59 

a -50.46 $ 0. 00 r 0.00 

Displacement and tilt (4) 

X 0. 00 Y 19.62 Z 39.02 

a -65.04 0 0.00 r 0.00 

Displacement and tilt (5) 

X 0. 00 Y 42.00 Z 30.00 

a -44.81 0 0. 00 r 0.00 

Displacement and tilt (6) 

X 0.00 Y 32.00 Z 45.53 

a 0. 00 0 0.00 r 0.00 

Displacement and tilt(7) 

X 0. 00 Y 32.00 Z 53.23 

a 0. 00 0 0.00 7 0.00 



Example 2 7 

Surface Radius of 

No. curvature 
Object 00 

plane 

1 °o (Stop) 



Surface Displacement Refractive Abbe's No. 
separation and tilt index 
-1000. 00 



6 4 



WO 01/50180 



PCT/JP00/02549 



2 


ASS® 








(1) 


1. 5254 




56.2 


3 


FF S(D (RE) 






(2) 


1. 5254 




56.2 


4 


ASS® (RE) 






(1) 


1. 5254 




56. 2 


5 


F F S® (RE) 






(2) 


1. 5254 




56. 2 


6 


FFS© 








(3) 








7 


F F S® 








(4) 


1. 5254 




56. 2 


8 


F F S@ (RE) 






(5) 


1. 5254 




56.2 


9 


FF S© 








(6) 








Image 


oo 








(7) 








plane 


















ASS® 
















R 


-109. 37 
















K 


0. 0000 
















A 


2. 7422 xlO -5 
















B 


-4. 1869 XlO -8 
F F S® 
















c 4 • 


-1. 1126X10- 2 


C 6 


-1. 0227X10" 


-2 


C 8 


-6. 0588X10" 


- 5 




C l 0 * 


-3. 0318 xlO" 5 


Cm 


7. 9055X10" 


-6 


C 1 3 


1. 1105x10" 


-5 




C 1 5 


1. 0604 xlO' 6 


C 17 


2. 8597X10" 


-7 


C 1 9 


1.5498x10" 


-7 




C 2 1 


1. 4283 XlO" 7 

F F S(D 
















C 4 


3. 6878 xlO" 2 


C 6 


3. 5702X10" 


-2 


Cs 


-2. 0106x10" 


-2 




C l 0 " 


-9. 8201 xlO -3 




2. 1010x10" 


3 


C l 3 


-1.9983X10" 


3 




C 1 5 


9. 8827X10-" 

FFS© 
















c 4 - 


1.0254 xlO" 1 


c 6 


-2. 5575X10" 


•2 


c 8 


-2. 0239X10" 


2 




C l 0 ' 


-5. 8721 xlO" 3 




1.0962X10" 


•3 


C i 3 


-3. 3381x10" 


3 





C 15 4. 7815 xlO- 4 

6 5 



WO 01/50180 



PCT/JP00/02549 



FF S(D 

C 4 2.3287X10- 2 C 6 1. 8127X10- 2 C 8 -4.0703xl(T 4 
Cio -2. 4676X10' 4 C, 1.9470X10" 5 C, 3 3. 1178 xlO" 5 
Ci 5 -3.0929X10" 7 

FFS© 

C 4 -1. 9980X10" 2 C 6 -1.9644X10" 2 d 1. 8913X10" 4 
C 13 4. 0095 xlO- 4 Cis 5. 1524X10- 4 

Displacement and tilt(l) 
X 0. 00 Y 6.56 Z 32.12 
a -2.57 13 0. 00 r 0.00 

Displacement and tilt(2) 
X 0. 00 Y -0.19 Z 38.74 
a -23.54 & 0. 00 r 0.00 

Displacement and tilt(3) 
X 0. 00 Y 20.79 Z 39.32 
a -71.99 0 0.00 r 0.00 

Displacement and tilt(4) 
X 0. 00 Y 21.54 Z 38.60 
a -84.73 /3 0.00 7 0.00 

Displacement and tilt(5) 
X 0. 00 Y 36.81 Z 30.00 
a -35.69 0 0. 00 7 0.00 

Displacement and tilt(6) 
X 0.00 Y 32.00 Z 44.11 
a 0.00/9 0.00 7 0.00 

Displacement and tilt (7) 
X 0. 00 Y 32.00 Z 50.34 
a 0. 00 0 0.00 7 0.00 



6 6 



WO 01/50180 



PCT/JP00/02549 



Example 2 8 

Surface Radius of 

No. curvature 
Object 00 

plane 

1 00 (stop) 

2 F F S(D 

3 FF S(D (RE) 

4 FFS© (RE) 

5 FFS® 

6 FFS© 

7 F F S© (RE) 

8 F F S® (RE) 

9 F F S(D 
Image 00 

plane 

F F S(D 
C -8.4040X10" 3 C 6 

FFS© 
C 4 -4. 8109X10" 3 C 6 
Co 5. 9643X10" 6 

F F S(3) 
C 4 8. 5504X10" 4 C 6 
Co 1. 2427 xl(T 5 

FFS® 
C 4 -4. 1338 xlO- 3 C 6 

FFS© 



Surface Displacement Refractive Abbe's 
separation and tilt index 
-1000. 00 



(1) 


1. 5254 


56.2 


(2) 


1. 5254 


56.2 


(3) 


1. 5254 


56.2 


(4) 






(5) 


1. 5254 


56.2 


(6) 


1. 5254 


56. 2 


(7) 


1. 5254 


56.2 


(8) 






(9) 







8. 5943 X10~ 3 

3.4151X10" 3 C 8 7.6983x10" 



2. 0899 xlO' 3 Co 3.9710x10" 



4. 6863x10- 



WO 01/50180 



-2. 6792X10" 



1. 0913X10" 



1.6909x10- 



C 4 1.8948X10" 2 C 6 7.8112x10" 

F F S© 
C 4 -2. 9136X10" 3 C 

F F SCD 
C 4 1. 0066X10" 2 C 

F F S® 
C 4 -2. 2044 xl0~ 2 C 

Displacement and tilt(l) 
X 0. 00 Y 0.00 Z 30.00 
a 0.00 /3 0.00 r 0.00 

Displacement and tilt (2) 
X 0. 00 Y 7.73 Z 66.05 
a 18.69 0 0. 00 r 0.00 

Displacement and tilt(3) 
X 0. 00 Y -17.85 Z 38.62 
a 46.96 $ 0. 00 r 0.00 

Displacement and tilt(4) 
X 0. 00 Y 20.71 Z 58.27 
a 70.85 J5 0.00 7 0.00 

Displacement and tilt < 5) 
X 0. 00 Y 21.56 Z 58.79 
a 72. 18 0 0. 00 7 0. 00 

Displacement and tilt (6) 
X 0. 00 Y 41.10 Z 68.55 
a 46.38 B 0.00 r 0.00 

Displacement and tilt (T) 
X 0. 00 Y 28.64 Z 46.33 
a 17.45 0 0. 00 7 0.00 



6 8 



WO 01/50180 



PCT/JP00/02549 



Displacement and tilt(8) 
X 0. 00 Y 32.02 Z 71.98 
a 0.00 /3 0.00 7 0.00 

Displacement and tilt (9) 
X 0. 00 Y 32.00 Z 76.97 
a 0. 00 & 0.00 r 0.00 



Fya mn 1 p 

Lr A (Hlip 1 C 


2 q 








Qii r f a pp 

OUl 1 dLC 


Da t\ j ii c nf 

lidU 1 Uo U 1 


Q 11 r f a r»p 
JU1 1 (LLC 


Hi <iri1flppmpnt 


RpfrartivP A h h p ' q 

ivci i dL i i v c nUUC o 


Nn 


cuvva t iirp 

bin v a l ui u 


^ptia ration 


anri tilt 

cuiu nil 


i nrlpy 


Object 


CO 


-1000. 00 






plane 










1 


°° (Stop) 








2 


ASS® 




(1) 


1. 5254 56. 2 


3 


FFS® (RE) 




(2) 


1. 5254 56. 2 


4 


ASS® (RE) 




(1) 


1. 5254 56. 2 


5 


FFS© 




(3) 




6 


FFS© 




(4) 


1. 5254 56. 2 


7 


FFS® (RE) 




(5) 


1. 5254 56. 2 


8 


F F S(5) 




(6) 




Image 


CO 




(7) 





plane 

ASS® 

R 1285. 39 
K 0. 0000 
A 6.4599XKT 7 
B -3. 7861x10- 10 
FF S® 
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c 4 


-3. 6795 xl(T 3 


c 6 


-2. 1319x10" 


■3 


c 8 


-5. 8405x10" 


•5 


C l 0 


-6. 5664 xl(T 5 


C H 


8. 2431 x10" 


■7 


C 13 


1.4603x10" 


6 


C l 5 


1. 4571 xlO" 6 


C ,7 


-5. 6374x10" 


8 


C i 9 


-3. 7292x10" 


8 


C 2 1 


-4. 3730 xl(T 8 

FFS© 














c 4 


-3. 1489 xlO" 4 


c 6 


5. 2538x10" 


-3 


C 8 


1. 2817x10" 


3 


C i o 


1. 2156X10 -3 


C 1 1 


5. 1327x10" 


6 


C i 3 


-1. 0362x10" 


5 




4. 7618X10" 5 

F F S® 














c 4 


-2. 2969 xl(T 3 


c 6 


-4. 7767X10" 


4 


C 8 


3. 1569x10" 


4 


^— ' 1 u 


1. 9939x10"" 


C 1 1 


4. 1969x10" 


7 


v> 1 9 


1. 3660x10" 


5 


C ,5 


4. 6817 xlO" 6 

FFS® 














c 4 


2. 2969 xlO" 3 


c 6 


4. 7767x10" 


4 


c 8 


-3. 1569x10" 


4 


C 1 0 


-1. 9939X10" 4 


C i , 


-4. 1969x10" 


7 




-1. 3660x10" 


5 


^ 1 5 


A CO 1 1 v 1 A - 6 

-4. bol 1 X 1U 

FFS© 














c 4 


2. 5793 XlO" 2 


c 6 


-4. 2457X10" 


3 


Cm 


-4. 8745X10" 


4 


C i 3 


-1. 7443 xlO- 4 


C 1S 


-3. 6717x10" 


5 









Displacement and tilt(l) 

X 0. 00 Y 10.19 Z 29.40 

a 7. 35 /? 0.00 r 0.00 

Displacement and tilt (2) 

X 0. 00 Y -3.29 Z 36.33 

a -25.35 /? 0. 00 r 0.00 

Displacement and tilt (3) 

X 0. 00 Y 24.99 Z 36.53 

a 82.49 0 0. 00 r 0.00 



7 0 



WO 01/50180 



PCT/JP00/02549 



Displacement and tilt(4) 
X 0. 00 Y 18.12 Z 7.32 
a -18.71 0 0.00 r 0.00 

Displacement and tilt(5) 
X 0. 00 Y 18.12 Z -7.32 
a 18.71 0 0.00 7 0.00 

Displacement and tilt (6) 
X 0. 00 Y 24.00 Z 0.00 
a 90.00 0 0.00 7 0.00 

Displacement and tilt(7) 
X 0. 00 Y 0.00 Z 1.73 
a 0. 00 0 0.00 r 0.00 



Exampl e 


3 0 








Surface 


Radius of 


Surface Displacement 


Refractive 


Abbe' s 


No. 


curvature 


separation and tilt 


index 
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CO 


-1000. 00 






plane 
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ASS® 


(1) 


1. 5254 


56. 2 


3 


F F S® (RE) 


(2) 


1. 5254 


56. 2 


4 


ASS® (RE) 


(1) 


1. 5254 


56. 2 


5 


F F S© 


(3) 






6 


F F S(3) 


(4) 


1. 5254 


56.2 


7 


FFS(D (RE) 


(5) 


1. 5254 


56. 2 


8 


FFS(5) 


(6) 






Image 


CO 


(7) 






plane 
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ASS® 

R 368. 58 

K 0. 0000 

A 7. 6841 xlO- 7 

B -3. 6756X10" 11 





F F S(D 














C A 


-2 7696 xlO~ 3 


C fi 


-1 4546x10" 

X • i w i V/ X v/ 


-3 


C 8 


-5 7608x10" 


-5 


C 1 0 


-9 2334 xlO" 5 


C . r 

V> 1 1 


5 8163x10" 

w . U1UU x N XV/ 


-7 


C i 3 


3 5074 Xl0~ 


-6 


C 1 c 
^ 1 5 


2 2152X10" 6 


C 1 7 
^ 1 7 


-1 8054x10" 

X. U V wt: ' N XV/ 


-7 


c 

^ 1 9 


-1 1334x10" 

x. x o ot: y> xv/ 


-7 


C 2 1 


-1.0782 xlO" 7 

F F S(2) 














C A 


3 3609X10" 4 


C R 
^ 6 


8 4179x10" 

VJ. x X 1 c/ ' N XV/ 


•2 


c « 

^ 8 


-3 1419X10" 


5 


p 

v> 1 0 


3 1128X10" 3 

y~) - xx&-«vj ^ N x v/ 


C i , 

^ 1 1 


3 4030 X 10" 


•5 


C 1 Q 

V-/ 1 3 


-1 1634x10" 

X. xwO^t XN XV/ 


4 


C, 5 


3. 9570 xlO" 5 

FFS® 

-L X v_/ 














C A 


-3 7622X10" 3 


C R 


-3 6532x10" 

W . VJUUu ' > XV/ 


3 


C 8 


1 5526x10" 

X* UULiU ' N XV/ 


4 


V-x 1 0 


r" J 007 w 1 A — 6 

-5. 4887X10 


C 1 1 


-7. 4035 X 10 


6 


Vy 1 3 


1 ATAO 1 A — 

1. 0763x10 


5 


C 1 5 


-6. 6288X10- 7 

FF S(D 














c 4 


3. 7622X10" 3 


C 6 


3. 6532X10" 


3 


C 8 


-1.5526X10" 


4 


C 1 0 


5. 4887 xlO" 6 


Cm 


7. 4035 X10" 


6 


C i 3 


-1.0763X10" 


5 


C 1 5 


6. 6288X10" 7 

F F S(D 














C 4 


2. 8169X10" 2 


c 6 


4. 5388x10- 


4 


Cm 


-4. 5848x10" 


4 


C 1 3 


-8. 7689 xlO -5 


c 15 


-8. 8053X10" 


6 









Displacement and tilt(l) 
X 0. 00 Y 17.47 Z 30.07 
a -1.32 £ 0.00 r 0.00 
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Displacement and tilt(2) 

X 0.00 Y 0.39 Z 38.40 

a -28.76 J3 0.00 7 0.00 

Displacement and tilt(3) 

X 0.00 Y 30.09 Z 31.35 

a 36.81 J3 0. 00 7 0.00 

Displacement and tilt(4) 

X 0. 00 Y 19.88 Z 6.67 

a -15.86 $ 0. 00 7 0.00 

Displacement and tilt (5) 

X 0.00 Y 19.88 Z -6.67 

a 15.86 /? 0. 00 7 0.00 

Displacement and tilt (6) 

X 0. 00 Y 29.00 Z 0.00 

a 90.00 J3 0. 00 7 0.00 

Displacement and tilt(7) 

X 0.00 Y ' 0.00 Z 1.82 

a 0.00 /3 0.00 7 0.00 

±tznmmi 6, 20. 22, 29, 3 0(Dmu^^nmm3 4, 133 5 

, 036, EI37. EI 3 8 K7jki- a Cti t>©1fJKMI2Ifc;fcl>T, fMHrtf-^ti 

tzmmt ommn, mmmm *o®ft»c*5(tstsiKii*^o 

ft*^ ±IBH»J 16 — 28 (Vm^m*^ ( 4 ) N ( 6 ) ©ffite&tDii t> T x #> 

-So 

(4)0! (° ) *#5$ ( 6 ) 2D, (mm) 
HWJ16 22. 5 119. 4 

H»J17 41. 0 57. 7 

|£»J18 37. 2 62. 5 
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33.4 
99.4 
92.7 
95.7 
58.3 
50. 1 
70.4 
78.5 
56. 2 
117.5 

±I2H»J 2 9 . 3 0 ©mifB^fM; (1) - (3) KM-fZm&Tfcte 



mmm 2 9 mmm s o 

( 1 ) a 43 ° ^ a ^54° 43° ^ a ^58° 

C 2 ) /3 19° 18° 

^#5£ (3) D 27.5mm 31mm 

L 72mm 72mm 

D/L 0.38 0.43 



tt:fc\ ±IBH^J1 6~3 0©^SSffiffi«, T^" 

mz%Mttm%M± u a«^^*^ 3 om^-t^^t^mm^ u x 

^ 5- 1 ^'J XA 1 0 ^t>^BSffl^BS7°U XA 2 R 

ffl^BS^U XA 2 L{cAI^-r^«iJ^f6R?>^#Jyttei®{t^^3 

7 4 



bWJ19 22. 0 

[»'J20 26. 1 

mimi 18. 8 

[»J22 25. 6 

mwm 41. 2 

mM24 36. 6 



22. 7 

[»|J26 20. 4 

mM27 43. 8 

»J28 31. 2 
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1O°<0i<6O° •••(4) 

±tmitt (4) sfci&igjHu^- lxti^gs^tt^uxA i ofr&te 
^mm^)^^^^mmzfvxA2R, 2 LfcAafrr*<t#©te±£3fe«i<t 

±§E^#5£ (4) ©TPg©l 0° 3fcIS!5D#tt^S!J^fc>i£IR:/U 

<tt*9. iS^Bf < teZfz&iftt L< fcl^o ±15^(4^ (4) ©_hPS©6 0° & 
mz-Z>t^ JgBgyy XA£A# <^tf<5*\ ^'JXAgft^Kf 

±f5^sUi£ bicOT©^^: (5) t-*a:i«LK 

15° <0, <50° •••(5) 

t mmm^MT- 3 ^^mmm^ u xa 2 R^zf&mmmm-y u xa 2 

L©A&f§]2 1R, 2 lLtTO*H±O^ID, 

2 Omm< ZD, < 1 5 Omm • • • (6) 

±tmitt (6) tt, ^ao/J^b*^-r^^a6©^#^;-e*«9, IKtlt^ 

±IB^#S; (6) ©TIE© 2 Omm^Si, ftESJg (9 ##^I3!©&®©'< 

c Bfi^JfrP 3 (i^M^) >^l^r{c*£ < tt«9 N $f 

£L<tt^o ±15^5$ (6) ©±PS©1 5 Omm^^^ ^®«9 
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±fB^f«te£ bicOT©^^: (7) 

3 0 mm< EDi < 1 3 0 mm • • • ( 7 ) 

ii5<iT N $ o 

±iE^5Ui£ bCHT©^ (8) t^^Ci^LK 

4 5 mm< ID, < 1 2 0 mm • • • ( 8 ) 

^Tr§ -So 

^0J©®i{t^^OJ^±©J:9 7te^{C^ol>T. EI3 9 fcfiJ^rT^ 

) ©Sl^t® 2 3 L. 2 3 R (0 2 6 ©*i£rte\ RItffi 2 2 L. 2 2 R D EI2 7 © 
2 2L, 22 R. 2 4 R, 2 4 R Q EI 2 8 2 3L, 2 3 R G 

1 6 L N 1 6R«-tef9#tJ--5^^FUingLTEIEL. ^Offi«y'JXAl 6 L, 
1 6 R(DftRM<om 1 7 L. 17 R*£^BBm®iBiC^ U XAft 2 L, 2 R©H 
f?#^M!l<Z>igxM 2 4L, 2 4 R (EI 2 6 ©if^te, 2Sififfii 2 3 L N 2 3 R Q 
EI 2 7 commit, 2 5 L, 2 5R 0 02 8 2 4 L, 2 4 R D ) iBSIH 

tmt&fct&Zo C<Dm&te, ffil^'JXA 1 6 L, 16 RO^MtCttSv/-*' >v 
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ic m o c t %t£^ mM&& * § 0 

3tI/°^iK:ti, OLED (Organic Light Emitting 
Diodes) ^LED (Light Emitting Diodes). EI 
4 0 KZ:(DM&£MmLti£? tSiE L (Electroluminescenc 
e) /^WiSo 

n^a*«©I TOItoF B 1{c, IEft&A»£W«ELe<hm^&A/f <h©3 
■^&ttSf»ELI^j#$n, X-T y^>^3R^©ftfflt?li3R*ffit I TO 

®fl E L H^f^f 4 c £ fctt *) , BlrS©li«*<^ $ tt£ o 

lc&£ 0 #jc s pBlB^SHSaPS^iBfl^^Sa (HMD) fcfcl^ 

c ©&a&^ < < . 3>h7XF ^ST L tz V) 

!)<%.&Ltzm&&LfrM^T&C te< ftotU 9o ^(Dtzib^ HMD 

©S#<fraK«fc&iiffi®BJiS<* J ?>3 > b^x h^miTlll\ 3c5£LfciBK 
-ell^-T^ci^ilL^o c:©J;-5^raH^f6^L!i 

ISo ^©#^0 4 1 f^-To 0 4 1 3 1 te^^a^ftSB^ U ti^ 
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frb%<D±M\Z.fr\fXW&ir&-£&<Dffi-7 U-A 3 2i, ftj7 U-A 3 2 ©ffeflft 
Jcfg#r$n, lit J;^c^t^£lfOt7 U-A 3 3i^b 

2 tC*5(t*±E<Z>^7 U-A 3 3 <h©g^i!l#iCW:. 
1 ^b, U-A 3 4 . &.7 U-A 3 3. frj7 U-A32, Ut^U~h3 

5 ©rtlR^lt'J ^zfv- h 3 5 fcsmiU *rij'<- 3 6 o^JS&S|J«fct)^apjc 
^tbLTl^So ^ Its CO'Jr-TVM Kil:TtS4gI4 Ofcf£M£tiT^ 
£o KI^K 4 0 a(it"ft^il4 0©X^7WJa-)AlI^ 

>t°^-^t>©y 7 -fr- v'^f f ^gf t § J; 9 i-LT t «fc^ 0 SPHK 
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m m co m m 
ftjfB^iSffl^is^ u xa^\ mu%Mmftv i ? --efcMztitz&mmits&o 

•^■JXAOB^^MI'Jtt^i^^ffffi (Y-Z?ffi) £ffjfBPf-©>tf;|M 
C43 MiBSi#^5!t^\ ffrlt#|S] (Z^ft) -eMIB^tg^tt ^ 7- 
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a t mttt&mmmf vxut ©prices $ nxm^ $nti^:t^iit 
&m$2M i - 3 (Dfitifr i iggm<Dm&&&&m* 

c 6 ] msttmmm br-tu xa^\ stjts^^^ = ^-^atm^niu 
tan i s^sis l t ^ >; x a {c Ait l fc^^st* eg^ft 

-effflB^ 3 ffi Jc Alt ^-fr^difcjco T^SItf^ffl «t «9 ^ U X A 2 
^•emf iBH 3 Etc Att ^-tir^»>li{cJ:-oTC(D^3 ® ^Si® $ -frTTfe^^ 7 U X 

tiffi£mmmt&7 u xa^\ n&3E#j&ig#tt 5 ^ ^ittb^nttiiB^ 1 m& 

MM LX? U XArt K At* Lfc3fc3fc*£:£#tBg!WI «fc t) l^^-efylSfg 3 
SfdAlt^-tirSCiiCck^T^ttf^ffltCfct) ^'J XArt"efrflBSI2®ic[n](tT 

3 SicAlt $ -tirS :ilcJ;otCOl3 ffi£i§i® $ -fcbT^m^? 0 U X A^{d|tttS 

j: -5 Kfltassn-cv* c (t^iitsit^ i ~ 3 oran^ 1 msM<D 
MfB^asffl^BB^ XAomffEii i m\ m>M^mtt&Mmnmtm 

C 8 ] fulB^BSffl^BS^ U XAOffjfB^ 1 ffi^^£@l£#^ftMQj& 
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c 9 ] mtttwtmm&-? u xa ©Baffin 1 wmz-?z> § wsm 

a ft tfJik £ MIS^IMfflff 1ST" U X A ®Mt £ £f £ £3 £ «l 

^$t£L^£g{c > ^UXArtt?©«T«9jgL3feBS*©3fef*^^^S (Y-Z 
® ) £ Mi 2Pf — ©fcffiOT £ L TUS/iSc $nri^di*^fit5 Hf ^ 8 IBiS© 

tingle 

[11] ftjIB^Bgffl^BS^ U XAcDffjfBfl 3 ffi*^r"T-5I5ME**f«x^ftS 

C 1 2 j mjIB^iSfflJflS^ U XAOfijiBfl 3 E^WT 6 g fiffl®*^ ftjffi 
lilfcJ&F* 1 ? S ft £ mifB^iSffltf BS^" U X A ©^-f^^flijffi^ 
£*SS3fe*g^tt£ ttzt^K^ ZfV X&ft^&ffiiOMLftft^cDm&l&^As 
tm (Y-Zffi) ^ftflBPf— (Dtffi&t LTMf&tstl, 

mmmmmm-? u XAotytBH 3 * s em®^\ mtm&m^m? 
om^t- & £ m^mmm^-y u x^o^t £ ^Mia^fc £ s ^ 

^fi£Lfc£^{d N 7V XJ*ftT?<Dtfbj&Lft&tp<DJtMi&$&f£ffi (Y-Z 
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c 1 3 ] mttmmmmy u xa ©tuiam 3 mmwmm ^xm 

XAcDq&#J^B2M^n/^IBffl^BS^U XA£, Bir3E3fc»jg#tt:/y XAOtffl 

^^^m^n^^^^u XArtap^A*f*^*^ i ®<t, mriBfi i ®^ 

i+^.^3 lBi, fulB£BMffl^§©7fem^^UXA^{c|^tB^-ti-a^3 2S<t, 

2 isisrjiB^2 2®i^[5j-©w^^w-r^><=fc9{c«^$n, 

MfB^BSffl^BS^UXA^ mHB^^{t^UXA©HuIB^3 l»^£ttB 
^tlfc^BSffl7feS§©7fe^^-/'J XArttcAlf^t>6l 1 Si. "7U XArtTv&BS 

SalB^BSfflffBI^UXA^\ HySB^IS^tt^UXAOBalBUS 2ffi^fc>#*fcb 

$n^£isffl^K©^*^ u z&ftKAMZitzwz imt^ xa^t^bs 
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ftjie^iS^(t^';XA0^2 lffii!2 2Si^3 lffii^3 2ffi£©ffi® 
Cl 7] frflB^ggJg^tf^U XA©SI3 lffii!3 2ffi®ffiffi?£t^\ 

iC^M ^tiiEf £ ©fe^^^ ft ram rfli^ ^ nr ^ -5 d <t i -t z> m 
&m 1 5 mmvmitm^mo 

Cl 8] ffatB^J&Jg^tf^UXA©!^ 1®£H2 2lil3 lffi£tfl3 

C 1 9 ) frflBSift^^:^^ £ f-rfB^g&^ ^ U X A £ [Sjggg £ 

ffjf5^JS^^^UXA^\ ffjIEli^^^^^^Ha^fS] (Z^(Sj) icfitn 
tafBmiS^SeS^ti. ^M^^^^©lig^mjf2ll2 lffii 
mj|2H2 2®£^@Eg£tu £t>fc N falBH3 lSif-TIBIM 2ffi£^i£g£*i 

fuIB^BSffl^BS^ <J XA©H 1 S i^^BS^^-e*fl$I-r Sftgi-ffffB^ 3 

la^Egsn, ^o, MfB^BSfflgss^uXAcD^iEi^m^Pi^x.-e^ 
[Sj^- £ fig jc mriB^ 3 2 ffi^ieg $ n § x * ^nti^ci i 

It^IJ 15 — 18 ©^rn^ 1 If fBifccDlHt^jggo 

c 2 o ] mmmm^mj>tm§tt$%mftif7 u xa i^fsjgeg^ n s 
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fa-t&&W f c mjf BH 3 2 ®*<gBS $ ft £ =k o izmfo £ ftT l ^ C t £ t" -5 
15-18 Ogn^ 1 lJfB«0!jjtil^Mo 
[2 1] HtflB^Jg^ft^U XAW, fulBH 2 1 DgiStjfB^ 3 2 Si^ 1 

M5£HKfflft&££SI*BgJ'MS<£!9 t^§l^^-eHUlBH2 lffiifjlB^3 2 
IS©^<£-^$^ MIB^BSffl7feS§^^m^^J;«9 M^vgj^-ejfufBH 

^12 lffi±&2 2®i{C[Sj(j-TR|^-rSffiW^c0^4ffi^L, 
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&my£$&mftif7 ] ) xj*<DmiMtm2 i®ii2 2mtm3 imtms 2m 
h z znim. 14-18 cDMn^ 1 mzm^mm.m.mmwo 

■t & mmvt Kxmm znx^zct t-tz 2 2 mm 

Stcfifeors Ml EH 1 flii^lES £ tU MI«*^^f£^OffiatcflfflH»2 l®i 

fSj-T & ffiS Jcftjf BH 3 2 S^geg £ ft £ £ 9 fclf J5£ $lxtl^Ci its 
It^lS 2 3 iBttOiHt^^Bo 

C 2 5 ] MIS^K^tt^U H 1 S^^AI^f Lfc^lBffl^^H 

2 lSfcftftTSttr&IM lffii, mffi^&AI*Lfc£BBffi#;&&S$2 2ffi 
KUWCRIlf -SIM 2E«h£WU 

ffitzyt&Mftif7i)X2*<Dmifctwz2 isii2 2mtm3 imtm3 2m 
%mj&Lx^zc£%&mti-&m$iTMi 4 — 1 8 ©<srft^ 1 iiieiEoiHi*^ 

C2 6] StjfB7fei?§^{ty i ;XAc7)||4 lSi!4 2®<t^\ I^M&fc® 
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c 2 8 ] wmm^^m^tmuitim^^^') xi*tmmmwisti, 

m/uti^ftMK'mz 2mmm^n, m^Wi^tz^&MKm z 2m\ mm.^ 
m^z^&mKms immmzn, mmmimtmn&^xftft^&{±mK 

T4f £ tlT ^ £ C £ £<%ffl. t~t%> UfcJSg 3 0 f Bi5c©U#^^So 

timtm i mzmm lx-? u XArtKAii L^m^sim^ =fc d & At ^ 

!£2®{cfrtfTSIl£-fcK ftflBH 2 Lfc^^SIMIMlJ:^ 

mxmtzm 3 S f z AM is £ Z. t K J: o T d <DW 3 $ ^tXitM^ f 

i)XAftizM&isit&&?lzffif$ t lsti, 
MfB^BSffl^BSy; XA^\ BtjfB^JI^^^U XA^tJ^nfrjlBII 1 §5 

3 ®icAll£ii:£ d t K£iX&fcMftmiZ£ *) zf U XArtTiftjfBfl 2 ®iC|S]tf 
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m 3 ® K Alt £ -fcb £C£fcJ;oTC©ig3 ®£Sjg $ ^T^m^^ U X A^^It 

c 3 3 ] ffiittmmmm-fv xa^\ MtB^jte^tf^u ^^^tb$ 

^iiLT^U XArt(cA*fL/-C7fem^SaieH2a-eSI^^-ti-s fufBH 2 
*f L fc3fcjfc£lffliB^ 3 ffi^Sii $ -tirT^m^ ^ U X A^icU fcb $t5J;9 
£tix\i>&z.t&&WL±'t&tl&0£l 4~l 8 ©gti^ 1 mEMv>W&&7F&m 

o 

C3 4] HfjfS^ISffltBS^UXA^\ ^^'JXArt-eMt^I4I 

HrfiB^as^^Bs^u xa^\ fluiB^MS^^^u xa^ ^jftm^ tLButBi^ i a 

*3SiB LT^ U XArt tcAS* Lfc:fem£jtyfBf? 4 a^RJft U fulfil 4S^bS 
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«fc oT^SIf^fc J; yj XArt-emrfBH 2 ®JC|S|tf T&i*£-ti\ MIBH 2 a 
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ftjIB^BSfflf^BS^ U XA^\ fyiEftl&i&fttf-/ U XA^ tlfulBH 1 a 

^•liLty U XAft icAlft L/c^m^MSBm 4 ffit?R*f U fufBH 4S^bg 

ck -ox&RttftmK*. XAftxurmm 2 ffiKfavxfcMz-&, mzm 2 a 
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f>jfB£BSffl@BSX U X'AcDmjIBH 3 0$£*lffr^®fCT;fi#c£ tiTU a 
Z.k&W$kt^Z>m$ZMl 4-1 8 ®Hti^ 1 iIIBilcOljft^^go 

C 3 9 ] ifyfB^BSffltgBSX >j XAOI 3 ^l>iRM^MIE^<£[H]!|te^ 
^ftftffiBt£fcTjfj££*u 

ttjiB^BSffl^is-x >; xA©i 3 ^^iK^^MiE-r ^ummi-mmz 
m^rm^tiXK^ct^uti-^m^Mi 4~i 8 ©^n^ 1 iitEis©® 

[40] ttjfB^jg^it x xa itriB^BSffl u-m&mzm 3 1 eg 
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•f - £ J; 9 f c j& ^tltl^Ci it^ If 3<II 4 0 f 5*£©!M«^B o 

3 3° ^a<7 0° ••■(!) 

C43] ^mmihmt&mmmihmcD^m^m^m^cDrp^m^) 
ten 2 2 a©i£¥ffi i a<tt -r^ /s ^©#^^Mfc-r c <t t-tz mmM 1 

4 — 18 <d fiiti l rifaigoij^^^go 

1 3° ^^24° •••(2) 

C4 4] mmfrz&XMiMmLizm&K^ &®Lmm&m<p>b*mzmm 

wx®0kft&mtzi-^t&w&ti-&m>£mi 4 — 1 8 ogn^ 1 ^fai&oiHt 
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XA©^0J{Cg5g^nfc^TO^BS^ 'J XAi, StjIB^^ft^ U XA©£{|iJ 

-fef-£ffl3 1®£, ftjIB^BSfflTfe^©^^-^'; XA^fc|^tH^-{i:^^3 2®<h, 

fyfS^ffefttf^UXA^ 4>tt< it, fafBH 2 lii, mJIB^ 2 2ii, 
HtjfBH3 ISi, mtzms 2®i^\ ^{c/N°-7-^-^^§ftM^fcT^$ 
tl^d:Jt{C N MIBfl2 l®chfyfBil2 2ffii^-®IM^f L, frjlBfe 3 1 

ffjIBif? 2 1 E©:/y XA^Mi«R^iJ<D&Mic£|gffl©^g§^^-l»fc26 

(D^mmmnitM^mm u mib^2 2ffi©yuxA^i«^0j©fiM{c^ 
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tEmm^^m-t^>m2 2Si, fusB^isffl^o^^^uxA^fci^ttj^ 

t§^3 §yfB£BSffl^©^m^^UXA^{-I^m$-ti:^>ll3 2®i, 

f^fr£iS#tf:/yXA^ < £i>> MfBH 2 Hi, irffBH 2 2ffii, 
HrjlBH3 lffii. m§B^3 2 Si, IaISfFl4Sch#\ TBfcfc^-^-^affiS 

ff^icr^^tL^i^fc, ttjiB^2 i Bimrte^ 2 2®£^iwi— offi^^t 

U BfjfE3fl3 l®ifalB^3 2ffi<t*<|5l— ©ffiff^^Wt-^=k9i-1ti^^n, 
mjIB^^^^ U XAOft 3MfBfl 4 ¥i§^*fS^ L < tiSU^S 

XAo^flijicgsg^n^^rBSffl^is^u xa£. mjfB^§^{t^u xa©£$ij 
HrjfB^j&is^u--/ u xa^\ fljfEii^^*^ fc^fifiiEH $ nmtm^^m 
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K£tfeykt?#ifirr s j: 9 kiss u 
^#^i-r^,it^ij4 6 ia«©ii«^^So 
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